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Preface 


An Introduction to Programming with C++, Sixth Edition uses the C++ pro¬ 
gramming language to teach programming concepts. This book is designed for 
a beginning programming course. Although the book provides instructions for 
using the Microsoft® Visual C++® and Dev-C++ compilers, it can be used with 
most C++ compilers, often with little or no modification. 

Organization and Coverage 

An Introduction to Programming with C++, Sixth Edition contains 14 chapters 
and several appendices. In order to provide the most up-to-date instructions for 
using the Microsoft Visual C++ and Dev-C++ compilers, Appendices D and E 
are available online. You can obtain the appendices by connecting to the Course 
Technology Web site ( www.cengage.com/coursetechnology ) and then navigating 
to the page for this book. In the chapters, students with no previous program¬ 
ming experience learn how to plan and create well-structured programs. By 
the end of the book, students will have learned how to write programs using 
the sequence, selection, and repetition structures, as well as how to create 
and manipulate functions, sequential access files, arrays, strings, classes, and 
objects. 

Approach 

An Introduction to Programming with C++, Sixth Edition is distinguished from 
other textbooks because of its unique approach, which motivates students by 
demonstrating why they need to learn the concepts and skills presented. Each 
chapter begins with an introduction to one or more programming concepts. 

The concepts are illustrated with code examples and sample programs. The 
sample programs allow the student to observe how the current concept can be 
used before they are introduced to the next concept. The concepts are taught 
using standard C++ commands. Following the concept portion in each chapter 
(except Chapter 1) are five labs: Stop and Analyze, Plan and Create, Modify, 
Desk-Check, and Debug. Each lab teaches students how to apply the chapter 
concepts; however, each does so in a different way. 


Features 

An Introduction to Programming with C++, Sixth Edition is an exceptional text¬ 
book because it also includes the following features: 

READ THIS BEFORE YOU BEGIN This section is consistent with Course 
Technology’s unequaled commitment to helping instructors introduce 





Organization and Coverage 


technology into the classroom. Technical considerations and assumptions 
about hardware, software, and default settings are listed in one place to help 
instructors save time and eliminate unnecessary aggravation. 


/\ LABS Each chapter contains five labs that teach students how to apply 
the concepts taught in the chapter to real-world problems. In the first 
lab, which is the Stop and Analyze lab, students are expected to stop 
and analyze an existing program. Students plan and create a program in the 
Plan and Create lab, which is the second lab. The third lab is the Modify lab. 
This lab requires students to modify an existing program. The fourth lab is 
the Desk-Check lab, in which students follow the logic of a program by desk¬ 
checking it. The fifth lab is the Debug lab. This lab gives students an opportu¬ 
nity to find and correct the errors in an existing program. 


STANDARD C++ SYNTAX Like the previous edition of the book, this edition 
uses the standard C++ syntax in the examples, sample programs, and exer¬ 
cises in each chapter. 

TIP These notes provide additional information about the current con- 
s cept. Examples include alternative ways of writing statements, warnings 
about common mistakes made when using a particular command, and 
reminders of related concepts learned in previous chapters. 


PSEUDOCODE AND FLOWCHARTS Although pseudocode is the primary 
tool used when planning the programs in each chapter, flowcharts also are 
provided for many of the programs. If the flowchart is not in the chapter 
itself, the student is directed to the Cpp6\Chapxx\ChxxFlowcharts.pdf file, 
where xx is the chapter number. 

MINI-QUIZZES Mini-quizzes are strategically placed to test students’ 
knowledge at various points in each chapter. Answers to the quiz questions 
are provided in Appendix A, allowing students to determine whether they 
have mastered the material covered thus far before continuing with the 
chapter. 

SUMMARY A Summary section follows the labs in each chapter. The Sum¬ 
mary section recaps the programming concepts and commands covered in 
the chapter. 


KEY TERMS Following the Summary section in each chapter is a list¬ 
ing of the key terms introduced throughout the chapter, along with their 
definitions. 


REVIEW QUESTIONS Review Questions follow the Key Terms section in 
each chapter. The Review Questions test the students’ understanding of what 
they learned in the chapter. 

\IT PAPER AND PENCIL EXERCISES The Review Questions are fol- 
lowed by Pencil and Paper Exercises, which are designated as TRY 
THIS, MODIFY THIS, INTRODUCTORY, INTERMEDIATE, 
ADVANCED, and SWAT THE BUGS. The answers to the TRY THIS Exer¬ 
cises are provided at the end of the chapter. The ADVANCED Exercises pro¬ 
vide practice in applying cumulative programming knowledge or allow 
students to explore alternative solutions to programming tasks. The SWAT 
THE BUGS Exercises provide an opportunity for students to detect and cor¬ 
rect errors in one or more lines of code. 
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COMPUTER EXERCISES The Computer Exercises provide students 
with additional practice of the skills and concepts they learned in the 
chapter. The Computer Exercises are designated as TRY THIS, 
MODIFY THIS, INTRODUCTORY, INTERMEDIATE, ADVANCED, and 
SWAT THE BUGS. The answers to the TRY THIS Exercises are provided at 
the end of the chapter. The ADVANCED Exercises provide practice in apply¬ 
ing cumulative programming knowledge or allow students to explore alterna¬ 
tive solutions to programming tasks. The SWAT THE BUGS Exercises 
provide an opportunity for students to detect and correct errors in an exist¬ 
ing program. 


New to This Edition! 

STD NAMESPACE Rather than including a usi ng directive for each 
standard object used in a program, all programs now contain the using 
namespace std ; directive. 

STRING CLASS The stri ng class is now covered in Chapter 13. In the 
chapter, students learn how to declare and utilize stri ng variables and 
stri ng named constants in a program. They also learn how to concatenate 
strings and use many of the functions available in the stri ng class. 

CHAPTERS 3 AND 4 Chapters 3 and 4 from the previous edition of the 
book have been redesigned to make the material easier for students to 
comprehend. Chapter 3 now covers only variables and named constants, 
which are challenging concepts for beginner programmers. Chapter 4 
shows the student how to get numeric and character input from the 
keyboard, write assignment statements, and display information on 
the computer screen. Chapter 4 also covers the last three steps in the 
problem-solving process. 

ARRAYS One-dimensional arrays and two-dimensional arrays are now cov¬ 
ered in separate chapters. One-dimensional arrays are covered in Chapter 11, 
and two-dimensional arrays are covered in Chapter 12. 

APPENDIX A The answers to both the Mini-Quiz questions and the Labs are 
now located in one convenient place in the book: Appendix A. 

APPENDICES D AND E Appendix D contains the instructions for using the 
Microsoft Visual C++ compiler, and Appendix E contains the instructions 
for using the Dev-C++ compiler. In order to provide the most up-to-date 
instructions for using both compilers, Appendices D and E are available 
online. You can obtain the appendices by connecting to the Course Technol¬ 
ogy Web site ( www.cengage.com/coursetechnology ) and then navigating to the 
page for this book. 

APPENDIX F Appendix F covers Classes and Objects. This topic was origi¬ 
nally covered in Chapter 14 in the previous edition of the book. 

NEW EXAMPLES, SAMPLE PROGRAMS, AND EXERCISES Each chapter 
has been updated with new examples, sample programs, and exercises. 

NEW FORMAT The book has a new, more convenient format. All of the 
questions and exercises are now located at the end of the chapter. 
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Instructor Resources and Supplements 

All of the resources available with this book are provided to the instructor on 
a single CD-ROM. Many also can be found on the Course Technology Web 
site ( www.cengage.com/coursetechnology ). 

ELECTRONIC INSTRUCTOR’S MANUAL The Instructor’s Manual that 
accompanies this textbook includes additional instructional material to assist 
in class preparation, including Sample Syllabi, Chapter Outlines, Technical 
Notes, Lecture Notes, Quick Quizzes, Teaching Tips, Discussion Topics, and 
Additional Case Projects. 

EXAMVIEW® This textbook is accompanied by ExamView, a powerful test¬ 
ing software package that allows instructors to create and administer printed, 
computer (LAN-based), and Internet exams. ExamView includes hundreds 
of questions that correspond to the topics covered in this text, enabling 
students to generate detailed study guides that include page references for 
further review. The computer-based and Internet testing components allow 
students to take exams at their computers, and also save the instructor time 
by grading each exam automatically. 

MICROSOFT® POWERPOINT® PRESENTATIONS This book offers Micro¬ 
soft PowerPoint slides for each chapter. These are included as a teaching aid 
for classroom presentation, to make available to students on the network for 
chapter review, or to be printed for classroom distribution. Instructors can 
add their own slides for additional topics they introduce to the class. 

DATA FILES Data Files are necessary for completing the Labs and Com¬ 
puter Exercises in this book. The Data Files are provided on the Instructor 
Resources CD-ROM and also may be found on the Course Technology Web 
site at www.cengage.com/coursetechnology. 

SOLUTION FILES Solutions to the Labs, Review Questions, Pencil and Paper 
Exercises, and Computer Exercises are provided on the Instructor Resources 
CD-ROM and also may be found on the Course Technology Web site at 
www.cengage.com/coursetechnology. The solutions are password protected. 

FIGURE FILES The sample programs that appear in the figures throughout 
the book are provided on the Instructor Resources CD-ROM. 

DISTANCE LEARNING Course Technology offers online WebCT and 
Blackboard courses for this text to provide the most complete and dynamic 
learning experience possible. When you add online content to one of your 
courses, you’re adding a lot: automated tests, topic reviews, quick quizzes, 
and additional case projects with solutions. For more information on how to 
bring distance learning to your course, contact your local Course Technology 
sales representative. 
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Got a Job in Computing... ? 

We hope you enjoyed the Q&A on the inside front cover of this book. If you’d 
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landed an interesting job in computing, please send your suggestions via e-mail 
to Amy Jollymore, Acquisitions Editor, at Amy.Jollymore@Cengage.com. 
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Technical Information 

Data Files 

You will need data files to complete the Labs and Computer Exercises in this 
book. Your instructor may provide the data files to you. You may obtain the 
files electronically on the Course Technology Web site (www.cengage.com/ 
coursetechnology). 

Each chapter in this book has its own set of data files, which are stored in a 
separate folder within the Cpp6 folder. The files for Chapter 4 are stored in 
the Cpp6\Chap04 folder. Similarly, the files for Chapter 5 are stored in the 
Cpp6\Chap05 folder. Throughout this book, you will be instructed to open 
files from or save files to these folders. 

You can use a computer in your school lab or your own computer to com¬ 
plete the Labs and Computer Exercises in this book. 

Using Your Own Computer 

To use your own computer to complete the Labs and Computer Exercises 
in this book, you will need a C++ compiler. The book was written and Qual¬ 
ity Assurance tested using Microsoft Visual C++ 2010. It also was tested 
using Dev-C++. However, the book can be used with most C++ compilers, 
often with little or no modification. If your book came with a copy of Micro¬ 
soft Visual C++, then you may install that on your computer and use it to 
complete the material. 


Visit Our Web Site 

Additional materials designed for this textbook might be available through 
the Course Technology Web site, www.cengage.com/coursetechnology. Search 
this site for more details. 
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To the Instructor 

To complete the Labs and Computer Exercises in this book, your stu¬ 
dents must use a set of data files. These files are included on the Instructor 
Resources CD-ROM. They may also be obtained electronically through the 
Course Technology Web site at www.cengage.com/coursetechnology. Fol¬ 
low the instructions in the Help file to copy the data files to your server or 
standalone computer. You can view the Help file using a text editor such as 
WordPad or Notepad. Once the files are copied, you should instruct your 
users how to copy the files to their own computers or workstations. 

The material in this book was written and Quality Assurance tested using 
Microsoft Visual C++ 2010. It also was tested using Dev-C++. However, 
the book can be used with most C++ compilers, often with little or no 
modification. 


Course Technology Data Files 

You are granted a license to copy the data files to any computer or computer 
network used by individuals who have purchased this book. 








CHAPTER 


An Introduction to 
Programming 


After studying Chapter 1, you should be able to: 

® Define the terminology used in programming 

® Explain the tasks performed by a programmer 

® Describe the qualities of a good programmer 

® Understand the employment opportunities for programmers and 
software engineers 

® Explain the history of programming languages 

® Explain the sequence, selection, and repetition structures 

® Write simple algorithms using the sequence, selection, 
and repetition structures 




CHAPTER 1 


An Introduction to Programming 



Programming a Computer 

In essence, the word programming means giving a mechanism the directions 
to accomplish a task. If you are like most people, you’ve already programmed 
several mechanisms. For example, at one time or another, you probably 
programmed your digital video recorder (DVR) in order to schedule a 
timed-recording of a movie. You also may have programmed the speed dial 
feature on your cell phone. Or you may have programmed your coffee maker 
to begin the brewing process before you wake up in the morning. Like your 
DVR, cell phone, and coffee maker, a computer also is a mechanism that can 
be programmed. The directions given to a computer are called computer 
programs or, more simply, programs. The people who write programs are 
called programmers. Programmers use a variety of special languages, called 
programming languages, to communicate with the computer. Some popular 
programming languages are C++, Visual Basic, C#, and Java. In this book, 
you will use the C++ programming language. 

The Programmer's Job 

When a company has a problem that requires a computer solution, typically 
it is a programmer that comes to the rescue. The programmer might be an 
employee of the company; or he or she might be a freelance programmer, 
which is a programmer who works on temporary contracts rather than for a 
long-term employer. First, the programmer meets with the user, which is the 
person (or persons) responsible for describing the problem. In many cases, 
this person or persons also will eventually use the solution. Depending on 
the complexity of the problem, multiple programmers may be involved, and 
they may need to meet with the user several times. The purpose of the initial 
meetings is to determine the exact problem and to agree on the desired solu¬ 
tion. After the programmer and user agree on the solution, the programmer 
begins converting the solution into a computer program. During the con¬ 
version phase, the programmer meets periodically with the user to deter¬ 
mine whether the program fulfills the user’s needs and to refine any details 
of the solution. When the user is satisfied that the program does what he 
or she wants it to do, the programmer rigorously tests the program with 
sample data before releasing it to the user. In many cases, the programmer 
also provides the user with a manual that explains how to use the program. 

As this process indicates, the creation of a good computer solution to a 
problem—in other words, the creation of a good program—requires a great 
deal of interaction between the programmer and the user. 

Do I Have What It Takes to Be a Programmer? 

According to the 2008-09 Edition of the Occupational Outlook Handbook 
(OOH), published by the U.S. Department of Labor’s Bureau of Labor 
Statistics, “When hiring programmers, employers look for people with the 
necessary programming skills who can think logically and pay close attention 
to detail. Programming calls for patience, persistence, and the ability to 
work on exacting analytical work, especially under pressure. Ingenuity and 
creativity also are particularly important when programmers design solutions 
and test their work for potential failures.... Because programmers are 
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expected to work in teams and interact directly with users, employers want 
programmers who are able to communicate with nontechnical personnel. 
Business skills are also important, especially for those wishing to advance to 
managerial positions.” If this description sounds like you, then you probably 
have what it takes to be a programmer. But if it doesn’t sound like you, it’s 
still worth your time to understand the programming process, especially 
if you are planning a career in business. Knowing even a little bit about 
the programming process will allow you, the manager of a department, to 
better communicate your department’s needs to a programmer. It also will 
give you the confidence to question the programmer when he claims that 
he can’t make the program modification you requested. In addition, it will 
help you determine whether the $15,000 quote you received from a freelance 
programmer seems reasonable. Lastly, understanding the process a computer 
programmer follows when solving a problem can help you solve problems 
that don’t require a computer solution. 


• Programming 
teams often 
^ contain subject 
matter experts, 
who may or may 
not be programmers. For 
example, an accountant 
might be part of a team 
working on a program 
that requires accounting 
expertise. 



Employment Opportunities 

But if, after reading this book, you are excited about the idea of working 
as a computer programmer, here is some information on employment 
opportunities. When searching for a job in computer programming, you will 
encounter ads for “computer programmers” as well as for “computer software 
engineers.” Although job titles and descriptions vary, computer software 
engineers typically are responsible for designing an appropriate solution to a 
user’s problem, while computer programmers are responsible for translating 
the solution into a language that the computer can understand. The process 
of translating the solution is called coding. Keep in mind that, depending on 
the employer and the size and complexity of the user’s problem, the design 
and coding tasks may be performed by the same employee, no matter what 
his or her job title is. In other words, it’s not unusual for a software engineer 
to code her solution, just as it’s not unusual for a programmer to have 
designed the solution he is coding. Typically, computer software engineers 
are expected to have at least a bachelor’s degree in computer engineering 
or computer science, along with practical work experience. Computer pro¬ 
grammers usually need at least an associate’s degree in computer science, 
mathematics, or information systems, as well as proficiency in one or more 
programming languages. Computer programmers and software engineers 
are employed in almost every industry, such as telecommunications com¬ 
panies, software publishers, financial institutions, insurance carriers, edu¬ 
cational institutions, and government agencies. According to the May 2008 
Occupational Employment Statistics, programmers held about 394,230 jobs 
and had a mean annual wage of $73,470. Software engineers, on the other 
hand, held about 494,160 jobs with a mean annual wage of $87,900. The 
Bureau of Labor Statistics predicts that employment of programmers will 
decline slowly, decreasing by 4% from 2006 to 2016. However, the employ¬ 
ment of computer software engineers is projected to increase by 38% over 
the same period. There is a great deal of competition for programming and 
software engineering jobs, so jobseekers will need to keep up to date with 
the latest programming languages and technologies. More information about 
computer programmers and computer software engineers can be found on 
the Bureau of Labor Statistics Web site at www.bls.gov. 
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A Brief History of Programming Languages 

Just as human beings communicate with each other through the use of 
languages such as English, Spanish, Hindi, and Chinese, programmers use 
a variety of programming languages to communicate with the computer. In 
the next sections, you will follow the progression of programming languages 
from machine languages to assembly languages, and then to high-level 
languages. 

Machine Languages 

Within a computer, all data is represented by microscopic electronic switches 
that can be either off or on. The off switch is designated by a 0, and the on 
switch is designated by a 1. Because computers can understand only these 
on and off switches, the first programmers had to write the program instruc¬ 
tions using nothing but combinations of Os and Is; for example, a program 
might contain the instruction 00101 10001 10000. Instructions written in 
0s and Is are called machine language or machine code. The machine lan¬ 
guages (each type of machine has its own language) represent the only way to 
communicate directly with the computer. As you can imagine, programming 
in machine language is very tedious and error-prone and requires highly 
trained programmers. 

Assembly Languages 

Slightly more advanced programming languages are called assembly 
languages. The assembly languages simplify the programmer’s job by 
allowing the programmer to use mnemonics in place of the 0s and Is in the 
program. Mnemonics are memory aids—in this case, alphabetic abbreviations 
for instructions. For example, most assembly languages use the mnemonic 
ADD to represent an add operation and the mnemonic MUL to represent a 
multiply operation. An example of an instruction written in an assembly 
language is ADD bx, ax. Programs written in an assembly language require 
an assembler, which also is a program, to convert the assembly instructions 
into machine code—the 0s and Is the computer can understand. Although 
it is much easier to write programs in assembly language than in machine 
language, programming in assembly language still is tedious and requires 
highly trained programmers. Programs written in assembly language are 
machine specific and usually must be rewritten in a different assembly 
language to run on a different computer. 

High-Level Languages 

High-level languages represent the next major development in program¬ 
ming languages. High-level languages are a vast improvement over machine 
and assembly languages, because they allow the programmer to use instruc¬ 
tions that more closely resemble the English language. An example of an 
instruction written in a high-level language is grossPay = hours * rate. 

In addition, high-level languages are more machine independent than are 
machine and assembly languages. As a result, programs written in a high- 
level language can be used on many different types of computers. Programs 
written in a high-level language usually require a compiler, which also is a 
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program, to convert the English-like instructions into the Os and Is the com¬ 
puter can understand. Some high-level languages also offer an additional 
program called an interpreter. Unlike a compiler, which translates all of a 
program’s high-level instructions before running the program, an interpreter 
translates the instructions line by line as the program is running. 

Like their predecessors, the first high-level languages were used to create 
procedure-oriented programs. When writing a procedure-oriented program, 
the programmer concentrates on the major tasks that the program needs 
to perform. A payroll program, for example, typically performs several 
major tasks, such as inputting the employee data, calculating the gross pay, 
calculating the taxes, calculating the net pay, and outputting a paycheck. The 
programmer must instruct the computer every step of the way, from the start 
of the task to its completion. In a procedure-oriented program, the program¬ 
mer determines and controls the order in which the computer processes the 
instructions. In other words, the programmer must determine not only the 
proper instructions to give the computer, but the correct sequence of those 
instructions as well. Examples of high-level languages used to create proce¬ 
dure-oriented programs include COBOL (Common Business Oriented Lan¬ 
guage), BASIC (Beginner’s All-Purpose Symbolic Instruction Code), and C. 

More advanced high-level languages can be used to create object-oriented 
programs in addition to procedure-oriented ones. Different from a proce¬ 
dure-oriented program, which focuses on the individual tasks the program 
must perform, an object-oriented program requires the programmer to 
focus on the objects that the program can use to accomplish its goal. The 
objects can take on many different forms. Lor example, programs written 
for the Windows environment typically use objects such as check boxes, 
list boxes, and buttons. A payroll program, on the other hand, might utilize 
objects found in the real world, such as a time card object, an employee 
object, or a check object. Because each object is viewed as an independent 
unit, an object can be used in more than one program, usually with little or 
no modification. A check object used in a payroll program, for example, also 
can be used in a sales revenue program (which receives checks from custom¬ 
ers) and an accounts payable program (which issues checks to creditors). 

The ability to use an object for more than one purpose enables code-reuse, 
which saves programming time and money—an advantage that contributes 
to the popularity of object-oriented programming. Examples of high-level 
languages that can be used to create both procedure-oriented and object- 
oriented programs include C++, Visual Basic, Java, and C#. In this book, you 
will learn how to use the C++ programming language to create procedure- 
oriented and object-oriented programs. 


Most objects in 
an object- 

= oriented program 
are designed to 
perform multiple 
tasks. These tasks are 
programmed using the 
same techniques used in 
procedure-oriented 
programming. 



The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


2. When writing_program, the programmer 

concentrates on the major tasks needed to accomplish a goal. 

a. a procedure-oriented 

b. an object-oriented 


Mini-Quiz 1-1 

1. Instructions written in Os and Is are called 


. language. 
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3. When writing 


program, the programmer breaks up 


a problem into interacting objects. 

a. a procedure-oriented 

b. an object-oriented 
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4. Most high-level languages use a 


to translate the 


instructions into a language that the computer can understand. 


Control Structures 


All computer programs, no matter how simple or how complex, are written 
using one or more of three basic structures: sequence, selection, and 
repetition. These structures are called control structures or logic structures, 
because they control the flow of a program’s logic. You will use the sequence 
structure in every program you write. In most programs, you also will use the 
selection and repetition structures. This chapter gives you an introduction to 
the three control structures. It also introduces you to a robot named Robin, 
who will help illustrate the control structures. More detailed information 
about each structure, as well as how to implement these structures using the 
C++ language, is provided in subsequent chapters. 


The Sequence Structure 


You already are familiar with the sequence structure, because you use it each 
time you follow a set of directions, in order, from beginning to end. A cookie 
recipe, for instance, provides a good example of the sequence structure. To 
get to the finished product (edible cookies), you need to follow each recipe 
instruction in order, beginning with the first instruction and ending with 
the last. Likewise, the sequence structure in a computer program directs the 
computer to process the program instructions, one after another, in the order 
listed in the program. You will find the sequence structure in every program. 

You can observe how the sequence structure works by programming 
Robin, the robot. Like a computer, Robin has a limited instruction set. In 
other words, she can understand only a specific number of instructions, 
also called commands. For now, you will use only two of the commands 
from Robin’s instruction set: walk forward and open the bedroom, door. 
When told to walk forward, Robin takes one complete step forward. In 
other words, she moves her right foot forward one step and then moves 
her left foot to meet her right foot. For this first example, Robin is standing 
in her hallway facing her bedroom door. The door, which is closed, is two 
steps away from Robin. Your task is to write the instructions, using only 
the commands that Robin understands, that direct Robin to enter her bed¬ 
room. Figure 1-1 shows the problem specification along with an illustration 
of the problem. It also shows the instructions that will get Robin inside her 
bedroom. The four instructions shown in the figure are called an algorithm, 
which is a set of step-by-step instructions that accomplish a task. For Robin 
to enter her bedroom, she must follow the instructions in order—in other 
words, in sequence. 
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Robin is standing in 
her hallway facing her 
bedroom door. The 
door, which is closed, 
is two steps away 
from her. Robin wants 
to enter her bedroom. 


1. walk forward 

2. walk, forward 

3. operb the bedroom, door 

4 . walk forward 



algorithm 


2 steps 





Figure 1-1 An example of the sequence structure 


The Selection Structure 

As with the sequence structure, you already are familiar with the selection 
structure, also called the decision structure. The selection structure indicates 
that a decision (based on some condition) needs to be made, followed by an 
appropriate action derived from that decision. You use the selection struc¬ 
ture every time you drive your car and approach a railroad crossing. Your 
decision, as well as the appropriate action, is based on whether the crossing 
signals (flashing lights and ringing bells) are on or off. If the crossing signals 
are on, you stop your car before crossing the railroad tracks; otherwise, you 
proceed with caution over the railroad tracks. When used in a computer 
program, the selection structure alerts the computer that a decision needs to 
be made, and it provides the appropriate action to take based on the result of 
that decision. 

To observe how the selection structure works, we’ll make a slight change to 
the problem specification shown in Figure 1-1. This time, Robin’s bedroom 
door may or may not be closed. What changes will need to be made to the 
original algorithm from Figure 1-1 as a result of this minor modification? 
The first two instructions in the original algorithm position Robin in front 
of her bedroom door; Robin will still need to follow those instructions. The 
third instruction tells Robin to open the bedroom door. That instruction 
was correct for the original problem specification, which states that the 
bedroom door is closed. However, in the modified problem specification, 
the status of the bedroom door is not known: it could be closed or it could 
already be open. As a result, Robin will need to make a decision and then 
take the appropriate action based on the result. More specifically, Robin 
will need to determine whether the bedroom door is closed and then open 
the door only if it needs to be opened. To write an algorithm to accomplish 
the current task, you need to use two additional instructions from Robin’s 
instruction set: If (the bedroom door Is closed) and end If. The Lf (the bed¬ 
room door Is closed) instruction allows Robin to make a decision about the 
status of the bedroom door, and it represents the beginning of a selection 
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structure. The portion within the parentheses is called the condition and 
specifies the decision that Robin must make. Notice that the condition 
results in either a true or false answer: either the bedroom door is closed 
(true) or it’s not closed (false). The ewd if instruction denotes the end of 
a selection structure. The last instruction in the original algorithm posi¬ 
tions Robin one step inside her bedroom; Robin will still need to follow 
that instruction. Figure 1-2 shows the modified problem specification along 
with the modified algorithm. Notice that the opew the bedroom, door instruc¬ 
tion is indented within the selection structure. Indenting in this manner 
indicates that the instruction should be followed only when the bedroom 
door is closed—in other words, only when the condition results in an 
answer of true. The instructions to be followed when a selection structure’s 
condition evaluates to true are referred to as the structure’s true path. 
Although the true path in Figure 1-2 includes only one instruction, it can 
include many instructions. 



Robin is standing in her hallway facing her bedroom door. The door, which may or 


may not be closed, is two steps away from her. Robin wants to go inside her bedroom. 


1. walte forward 


2. walk, forward 


3 . if (the bedroom, door Is cl osed) 

indent 

opervthe bedroom, door 


tv^d if 


4 . walle forward 


Figure 1-2 An example of the selection structure 


Figure 1-3 shows another example of the selection structure. In this example, 
Robin is holding either a red or yellow balloon, and she is facing two boxes 
that are located five steps away from her. One of the boxes is colored yellow, 
and the other is colored red. Your task is to instruct Robin to drop the bal¬ 
loon into the appropriate box: the yellow balloon belongs in the yellow box, 
and the red balloon belongs in the red box. To write an algorithm to accom¬ 
plish the current task, you need to use four additional instructions from 
Robin’s instruction set: If (the balloovr Is red), else, drop the balloon In the 
red box, and drop the balloon in the yellow box. The additional instructions 
allow Robin to make a decision about the color of the balloon she is hold¬ 
ing and then take the appropriate action based on that decision. Figure 1-3 
shows the problem specification along with an illustration of the problem. 

It also shows an algorithm that will solve the problem. Unlike the selection 
structure from Figure 1-2, which requires Robin to take a specific action 
only when the structure’s condition evaluates to true, the selection structure 
in Figure 1-3 requires her to take one action when the condition evaluates 
to true, but a different action when it evaluates to false. In other words, the 
selection structure in Figure 1-3 has both a true path and a false path. The 
else instruction marks the beginning of the false path instructions. Notice 
that the drop the balloon in the red box and drop the balloon in the y ellow 
box instructions are indented within their respective paths. Indenting in this 
manner clearly indicates the instruction to be followed when the condition 
evaluates to true (the balloon is red), as well as the one to be followed when 
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the condition evaluates to false (the balloon is not red). Although both paths 
in Figure 1-3’s selection structure contain only one instruction, each can 
contain many instructions. 


Robin is holding either 
a red or yellow balloon, 
and she is facing two 
boxes that are located 
five steps away from 
her. One of the boxes is 
colored yellow and the 
other is colored red. 

Robin should drop the 
balloon into the 
appropriate box. 

1. walk forward 

2. walk forward 

3. walk, forward 

4 . walk forward 

5 . walk forward 
b. If (the toallooiA, Is, red) 

drop the balloow In the red box. 
else 



5 steps 


^ Red " 





Yellow 


indent 


drop the balloow Iwthe yellow box”] - indent 

ewd If 



Figure 1-3 Another example of the selection structure 


The Repetition Structure 

The last of the three control structures is the repetition structure. Like the 
sequence and selection structures, you already are familiar with the repeti¬ 
tion structure. For example, shampoo bottles typically include the repetition 
structure in the directions for washing your hair. Those directions usually tell 
you to repeat the “apply shampoo to hair,” “lather,” and “rinse” steps until your 
hair is clean. When used in a program, the repetition structure directs the 
computer to repeat one or more instructions until some condition is met, at 
which time the computer should stop repeating the instructions. The repeti¬ 
tion structure also is referred to as a loop or as iteration. 

You can use the repetition structure to simplify the algorithm shown in Fig¬ 
ure 1-3. To do this, you will need to use two additional instructions from 
Robin’s instruction set: repeat x times (where x is the number of times you 
want Robin to repeat something) and ewd repeat. The repeat x times and ewd 
repeat instructions indicate the beginning and end, respectively, of a repeti¬ 
tion structure. The modified algorithm, which contains two steps rather than 
six steps, is shown in Figure 1-4. Notice that the five walte forward instruc¬ 
tions are replaced by a repetition structure that simply directs Robin to 
repeat the walte forward instruction five times. Also notice that the instruc¬ 
tion to be repeated is indented within the repetition structure. Indenting in 
this manner indicates that the instruction is part of the repetition structure 
and, therefore, needs to be repeated the specified number of times. Although 
the repetition structure in Figure 1-4 includes only one instruction, a repeti¬ 
tion structure can include many instructions. 
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indent 


1. repea 1 5 tim.es 
- walk,-forward 

end repeat 

2. If (the balloon Is, red) 

drop the balloon In the red box 
else 

drop the bnlloow Lia, the yellow box 
end If 


Figure 1-4 Modified algorithm showing the repetition structure 

The algorithm shown in Figure 1-4 will work only if Robin is five steps away 
from the boxes. But what if you don’t know precisely how many steps sepa¬ 
rate Robin from the boxes? In that case, you need to replace the repeat s times 
instruction with another instruction from Robin’s instruction set. That instruc¬ 
tion is repeat until you. are directly In front of the boxes. The new algorithm 
with the modified condition in the repetition structure is shown in Figure 1-5. 
The repetition structure tells Robin to keep walking forward until she is directly 
in front of the boxes. Depending on the number of steps between Robin and the 
boxes, Robin may need to walk forward 0 times, 5 times, 10 times, or even 500 
times before evaluating the selection structure’s condition. 



Figure 1-5 Algorithm showing the modified condition in the repetition structure 



The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


Mini-Quiz 1-2 

1. The three basic control structures are 
_, and_ 


2. All programs contain the_structure. 

3. The step-by-step instructions that accomplish a task are called 

a(n)_. 

4. You use the_structure to repeat one or more 

instructions in a program. 

5. The_structure ends when its condition has been met. 


6. The_structure, also called the decision structure, 

instructs the computer to make a decision and then take some action 
based on the result of the decision. 
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AB 1-1 Stop and Analyze 


A local business employs five salespeople and pays a 3% bonus on 
a salesperson’s sales. Your task is to create a program that calcu¬ 
lates the amount of each salesperson’s bonus. The program should 
print each salesperson’s name and bonus amount. Study the algorithm shown 
in Figure 1-6 and then answer the questions. 


repeat 5" tim.es 

enter the salesperson's name and sales amount 
calculate tie bonus amount by multiplying tie sales amount by 3^ 
print tie salesperson's name and bonus amount 
end repeat 


The answers to 
the labs are 
located in 
Appendix A. 



Figure 1-6 Algorithm for Lab 1-1 

QUESTIONS 

. Which control structures are used in the algorithm shown in 
Figure 1-6? 

What will the algorithm shown in Figure 1-6 print when the user 
enters Mary Smith and 2000 as the salesperson’s name and sales 
amount, respectively? 

3 . How would you modify the algorithm shown in Figure 1-6 so that it 
also prints the salesperson’s sales amount? 

4 . How would you modify the algorithm shown in Figure 1-6 so that it 
can be used for any number of salespeople? 

5 . How would you modify the algorithm shown in Figure 1-6 so that 
it allows the user to enter the bonus rate and then uses that rate to 
calculate the five bonus amounts? 



AB 1-2 Plan and Create 


Using only the instructions shown in Figure 1-7, create an 
algorithm that shows the steps an instructor takes when grading a 
test that contains 25 questions. 


end If 
end repeat 

if (tie student's answer Is not the same as the correct answer) 

marie tie student's answer Incorrect 

read the student's answer and the correct answer 

repeat 25" times 


Figure 1-7 Instructions for Lab 1-2 











CHAPTER 1 


An Introduction to Programming 



.AB 1-3 Modify 


Modify the algorithm shown in Figure 1-6 so that it gives 
a 3.5% bonus to salespeople selling more than $2,000. All other 
salespeople should receive a 3% bonus. 



Summary 

• Programs are the step-by-step instructions that tell a computer how to 
perform a task. Programmers, the people who write computer programs, 
use various programming languages to communicate with the computer. 
The first programming languages were machine languages, also called 
machine code. The assembly languages came next, followed by the high- 
level languages. The first high-level languages were used to create proce¬ 
dure-oriented programs. More advanced high-level languages are used to 
create object-oriented programs, as well as procedure-oriented ones. 

• An algorithm is the set of step-by-step instructions that accomplish a task. 
The algorithms for all computer programs contain one or more of the fol¬ 
lowing three control structures: sequence, selection, and repetition. The 
control structures, also called logic structures, are so named because they 
control the flow of a program’s logic. 

• The sequence structure directs the computer to process the program 
instructions, one after another, in the order listed in the program. The 
selection structure, also called the decision structure, directs the computer 
to make a decision and then select an appropriate action based on that 
decision. The repetition structure directs the computer to repeat one or 
more program instructions until some condition is met. The sequence 
structure is used in all programs. Most programs also contain both the 
selection and repetition structures. 


Key Terms 

Algorithm —the set of step-by-step instructions that accomplish a task 

Assembler —a program that converts assembly instructions into machine code 

Assembly languages —programming languages that use mnemonics, 
such as ADD 

Coding— the process of translating a solution into a language that the 
computer can understand 

Compiler— a program that converts high-level instructions into a language 
that the computer can understand; unlike an interpreter, a compiler converts 
all of a program’s instructions before running the program 

Computer programs —the directions given to computers; also called programs 










Review Questions 


Control structures— the structures that control the flow of a program’s logic; 
also called logic structures; sequence, selection, and repetition 

Decision structure —another term for the selection structure 


High-level languages —programming languages whose instructions more 
closely resemble the English language 

Interpreter— a program that converts high-level instructions into a language 
that the computer can understand; unlike a compiler, an interpreter converts 
a program’s instructions, line by line, as the program is running 

Iteration —another term for the repetition structure 

Logic structures —another term for control structures 

Loop —another term for the repetition structure 

Machine code —another term for machine language 

Machine language —computer instructions written in Os and Is; also called 
machine code 



Mnemonics —the alphabetic abbreviations used to represent instructions in 
assembly languages 

Object-oriented program —a program designed by focusing on the objects 
that the program could use to accomplish its goal 

Procedure-oriented program —a program designed by focusing on the 
individual tasks to be performed 

Programmers —the people who write computer programs 

Programming —giving a mechanism the directions to accomplish a task 

Programming languages— languages used to communicate with a computer 

Programs —the directions given to computers; also called computer programs 

Repetition structure— the control structure that directs the computer to repeat 
one or more instructions until some condition is met, at which time the com¬ 
puter should stop repeating the instructions; also called a loop or iteration 

Selection structure —the control structure that directs the computer to make 
a decision and then take the appropriate action based on that decision; also 
called the decision structure 


Sequence structure —the control structure that directs the computer to 
process each instruction in the order listed in the program 

Review Questions 

1. Which of the following is not a programming control structure? 

a. repetition 

b. selection 

c. sequence 

d. sorting 
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2. Which of the following control structures is used in every program? 

a. repetition 

b. selection 

c. sequence 


■ '< 


d. switching 


3. The set of instructions for adding together two numbers is an 


example of the 


structure. 


a. control 

b. repetition 

c. selection 

d. sequence 

4. The set of step-by-step instructions that solve a problem is 

called_. 

a. an algorithm 

b. a list 

c. a plan 

d. a sequential structure 

5. The recipe instruction “Beat until smooth” is an example of 

the_structure. 

a. control 

b. repetition 

c. selection 

d. sequence 

6. The instruction “If it’s raining outside, take an umbrella to work” is an 

example of the_structure. 

a. control 

b. repetition 

c. selection 

d. sequence 

7. Which control structure would an algorithm use to determine 
whether a credit card holder is over his credit limit? 

a. repetition 

b. selection 

c. both repetition and selection 












Exercises 


8. Which control structure would an algorithm use to calculate a 5% 
commission for each of a company’s salespeople? 

a. repetition 

b. selection 

c. both repetition and selection 

9. A company pays a 3% annual bonus to employees who have been with 
the company more than 5 years; other employees receive a 1% bonus. 
Which control structure would an algorithm use to calculate every 
employee’s bonus? 

a. repetition 

b. selection 

c. both repetition and selection 

10. Which control structure would an algorithm use to determine 
whether a customer is entitled to a senior discount? 

a. repetition 

b. selection 

c. both repetition and selection 
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Exercises 


Pencil and Paper 

You will use Robin (the robot) to complete Pencil and Paper Exercises 1, 3, 4, 
and 7. Robin’s instruction set is shown in Figure 1-8. 



drop the toy in the toy chest 

else 

end if 

end repeat 

if (the box is red) 

if (the flower is white) 

jump over the box 

picte the flower with your left hand 

pic te the flower with your right hand 

repeat x tirw.es 

repeat until you. are directly in front of the chair 
repeat until ijou are directly in front of the toy chest 
sit down 

throw the box out of the way 
turn rightj^o degrees 
wall?, forward 


Figure 1-8 
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TRY THIS 1. As illustrated in Figure 1-9, Robin is five steps away from a box, which 

is an unknown distance away from a chair. Using only the instructions 
listed in Figure 1-8, create an algorithm that directs Robin to jump 
over the box and sit in the chair. Be sure to indent the instructions 
appropriately. (The answers to TRY THIS Exercises are located at the 
end of the chapter.) 



Figure 1-9 


TRY THIS 2. A store gives a 10% discount to customers who are at least 65 years 

old. Using only the instructions shown in Figure 1-10, write an 
algorithm that prints the amount of money a customer owes. Be sure 
to indent the instructions appropriately. (The answers to TRY THIS 
Exercises are located at the end of the chapter.) 


calculate the amount due by m.u.LttplyLiA .0 the amount due byj^o^! 
enter the customer's, aqe and the amount due 
If (the customer's ac)e Is greater than or equal to &5) 
end If 

pnwtthe amount due 


Figure 1-10 


MODIFY THIS 3. Using only the instructions shown earlier in Figure 1-8, modify the 

answer to TRY THIS Exercise 1 as follows: Robin must jump over the 
box if the box is red; otherwise, she must throw the box out of the way. 

INTRODUCTORY 4. Robin is facing a toy chest that is zero or more steps away from her. 

She is carrying a toy in her right hand. Using only the instructions 
shown earlier in Figure 1-8, create an algorithm that directs Robin 
to drop the toy in the toy chest. Be sure to indent the instructions 
appropriately. 
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5. You have just purchased a new personal computer system. Before INTRODUCTORY 

putting the system components together, you read the instruction 
booklet that came with the system. The booklet contains a list of the 
components that you should have received. The booklet advises you 
to verify that you received all of the components by matching those 
that you received with those on the list. If a component was received, 
you should cross its name off the list; otherwise, you should draw 
a circle around the component’s name in the list. Using only the 
instructions listed in Figure 1-11, create an algorithm that shows the 
steps you should take to verify that you received the correct compo¬ 
nents. Be sure to indent the instructions appropriately. 



cross the component name off the list 
read the component name froiw the list 
circle the component's name on the list 
search for the component 
if (the component was received) 
else 

repeat for each component name on the list 
end if 
end repeat 


Figure 1-11 

6. A company pays an annual bonus to its employees. The bonus is cal- INTERMEDIATE 

culated by multiplying the employee’s annual salary by a bonus rate, 
which is based on the number of years the employee has been with 
the company. Employees working at the company for less than 5 years 
receive a 1% bonus; all others receive a 2% bonus. Using only the 
instructions shown in Figure 1-12, write two versions of an algorithm 
that prints each employee’s bonus. Be sure to indent the instructions 
appropriately. 


calculate the bonus by multiplying the salary by 

calculate the bonus by multiplying the salary by 2 ^ 

else 

end if 

end repeat 

if (the years employed are greaterthan or equal to 5“) 
if (the years employed are less thaw s) 
print the bonus 

enter the salary and years employed 
repeat for each employee 


Figure 1-12 
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INTERMEDIATE 7. Robin is standing in front of a flower bed that contains six flowers, as 

illustrated in Figure 1-13. Create an algorithm that directs Robin to 
pick the flowers as she walks to the other side of the flower bed. Robin 
should pick all white flowers with her right hand. Flowers that are not 
white should be picked with her left hand. Use only the instructions 
shown earlier in Figure 1-8. 



Figure 1-13 


ADVANCED 8. The algorithm shown in Figure 1-14 should calculate and print the 

gross pay for five workers; however, some of the instructions are 
missing from the algorithm. Complete the algorithm. If an employee 
works more than 40 hours, he or she should receive time and one-half 
for the hours worked over 40. 


enter the employee's name, hours worked, and pay rate 


oaloulate gross pay = hours worked times pay rate 
else 


ealeulate regularpay =pay rate times 4 o 
oaloulate overtime hours = hours worked minus 4 o 

oaleulate overtime pay =_ 

oaleulate gross pay =_ 

end L-f 

print the employee's name and gross pay 
end repeat 


Figure 1-14 

ADVANCED 9. Create an algorithm that tells someone how to evaluate the following 

expression: 12/2 + 3*2-3. The / operator means division, and the 
* operator means multiplication. (As you may remember from your 
math courses, division and multiplication are performed before addi¬ 
tion and subtraction.) 



















Exercises 


10. The algorithm in Figure 1-15 should get Robin seated in the chair, but SWAT THE BUGS 
it does not work correctly. Correct the algorithm. 



1. repeat 3 tim.es 

walte forward 
eio-d repeat 

2. turn left f o degrees 

3 . repeat 2 times 

walte forward 
iiAd repeat 

4 . turn. right_f o degrees 

5". repeat 2 times 

watte, forward 
iiAd repeat 

(?. turn rightJJO degrees 

7-. walte forward 

2. turn rlghtf) 0 degrees 

J). repeat 4 times 

walte forward 
iiAd repeat 

10. turn, right 120 degrees 

11. sit dowrb 


Figure 1-15 
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SWAT THE BUGS 11. The algorithm in Figure 1-16 does not get Robin through the maze. 

Correct the algorithm. 




1. wnlte Li a±o the maze 

2 . turn leftj °)0 degrees 

3. repent uwtil you. nre directly In frowt of a wall 

walk forward 
end repent 

4. turw rightf)o degrees 

5. repent uwtil you nre directly in front of a wall 

wnlte. forwnrd 
end repent 

6. turn rightjjo degrees 

y-. repent uutil you nre directly i frcwt of a wnll 

wnlie forwnrd 
end repent 

8. turn rightfio degrees 

JJ. repent until you nre directly In frowt of n wnll 

wnlte forwnrd 
end repent 

10 . turn, rightfjo degrees 

11. repent until you nre directly In front of a wall 

wnlle forwnrd 
end repent 

12 . turn, Leftf)o degrees 

13. repent until you nre directly in front of n wnll 

turn rightjjo degrees 
end repent 

14. repent until you nre out of the mnze 

wnlte forwnrd 
end repent 


Figure 1-16 




































Exercises 


Answers to TRY THIS Exercises 

1. See Figure 1-17. 


1. repeat 5 times 

walte forward 
end repeat 

2 . j ump over the box 

3. repeat until you. are directly In front of the chair 

wall?, forward 
end repeat 

4. repeat 2 times 

turn rlghtjjo degrees 
end repeat 

5. sit down 



Figure 1-17 

2. See Figure 1-18. 


1. enter the customer's age and the amount due 

2 . if (the customer's age is greater than or equal to £>5“) 

calculate the amount due by multiplying the amount due byjjo"^ 
end if 

3. print the amount due 


Figure 1-18 











CHAPTER 



Beginning the Problem- 
Solving Process 


After studying Chapter 2, you should be able to: 

® Explain the problem-solving process used to create a computer 
program 

<§> Analyze a problem 
® Complete an IPO chart 

<§> Plan an algorithm using pseudocode and flowcharts 
® Desk-check an algorithm 




Solving Everyday Problems 


Problem Solving 

This chapter introduces you to the process that programmers follow when 
solving problems that require a computer solution. Although you may not 
realize it, you use a similar process to solve hundreds of small problems 
every day, such as how to get to school and what to do when you are hungry. 
Because most of these problems occur so often, you typically solve them 
almost automatically, without giving much thought to the process your 
brain goes through to arrive at the solutions. Unfortunately, problems that 
are either complex or unfamiliar usually cannot be solved so easily; most 
require extensive analysis and planning. Understanding the thought process 
involved in solving simple and familiar problems will make solving complex 
or unfamiliar ones easier. In this chapter, you will explore the thought process 
that you follow when solving common problems. You also will learn how to 
use a similar process to create a computer solution to a problem—in other 
words, to create a computer program. The computer solutions you create in 
this chapter will contain the sequence control structure only, in which each 
instruction is processed in order from beginning to end. Computer solutions 
requiring the selection structure are covered in Chapters 5 and 6, and those 
requiring the repetition structure are covered in Chapters 7 and 8. 

Solving Everyday Problems 

The first step in solving a familiar problem is to analyze the problem. Next, 
you plan, review, implement, evaluate, and modify (if necessary) the solu¬ 
tion. Consider, for example, how you solve the problem of paying a bill that 
you received in the mail. First, your mind analyzes the problem to identify 
its important components. One very important component of any problem 
is the goal of solving the problem. In this case, the goal is to pay the bill. 

Other important components of a problem are the things that you can use to 
accomplish the goal. In this case, you will use the bill itself, as well as the pre¬ 
addressed envelope that came with the bill. You also will use a bank check, 
pen, return address label, and postage stamp. After analyzing the problem, 
your mind plans an algorithm. Recall from Chapter 1 that an algorithm is the 
set of step-by-step instructions that describe how to accomplish a task. In 
other words, an algorithm is a solution to a problem. The current problem’s 
algorithm, for example, describes how to use the bill, preaddressed envelope, 
bank check, pen, return address label, and postage stamp to pay the bill. 
Figure 2-1 shows a summary of the analysis and planning steps for the bill 
paying problem. 
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result of the analysis step 


Items used to accomplish 
the goal 

bill 

preaddressed envelope 

bawk check 

pew 

return, address Label 
postage stamp 


Algorithm Goal 

1. use the pew to fill iw the bawk check's date, pay the bill 

payee, rvumerleal am.ou.iAt, awd written amouwt 

2 . use the pew to sigw the bawk check 

3 . use the pew to write the customer account wumber 
ow the bawk check 

4. put the returw address label owthe preaddressed envelope 

5. put the postage stamp ow the preaddressed envelope 

6. put the bill awd bawk check luv the preaddressed envelope 
J-. seal the preaddressed envelope 

8. mall the preaddressed ewvelope 


result of the planning step 


Figure 2-1 Summary of the analysis and planning steps for the bill paying problem 

After planning the algorithm, you review it (in your mind) to verify that it 
will work as intended. When you are satisfied that the algorithm is correct, 
you implement the algorithm by following each of its instructions in the 
order indicated. After implementing the algorithm, you evaluate it and, if 
necessary, you modify it. In this case, for example, you may decide to include 
the selection structure shown in instruction 6 in Figure 2-2. 


Items used to accomplish 
the goal 

bill 

preaddressed ewvelope 

bawk check, 

pew 

returw address label 
postage stamp 


modifications made 
to the original 
algorithm in Figure 2-1 


Algorithm Goal 

1. use the pew to fill iw the bawk check's date, pay the bill 

payee, AWAAtrical amouwt, awd writtew av^ouiAt 

2 . use the pew to slgw the bawk check 

3. use the pew to write the customer c^ccouia t \A\A.wOotr 
ow the bawk check 

4. put the returw address label ow the preaddressed ewvelope 

5. put the postage stamp ow the preaddressed ewvelope 

■£>. if (the bill has a returw stub) 

tear off the returw stub 

put the returw stub awd bawk check iw the preaddressed ewvelope 
else 

make a copy of the bill for your records, 

put the bill awd bawk check iw the preaddressed ewvelope 
ewd if 

y. seal the preaddressed ewvelope 

8. mail the preaddressed ewvelope 


Figure 2-2 Modified algorithm for the bill paying problem 

Creating Computer Solutions to Problems 

In the previous section, you learned how you create a solution to a familiar 
problem. A similar problem-solving process is used to create a computer 
program. A computer program also is a solution, but one that is implemented 



























Step 1—Analyze the Problem 


with a computer. Figure 2-3 shows the steps that computer programmers 
follow when solving problems that require a computer solution. 

This chapter covers the first three steps in the problem-solving process 
shown in Figure 2-3. The last three steps are covered in Chapters 3 and 4. 


HOW TO Create a Computer Solution to a Problem 

1. Analyze the problem 

2. Plan the algorithm 

3. Desk-check the algorithm 

4. Code the algorithm into a program 

5. Desk-check the program 

6. Evaluate and modify (if necessary) the program 


Figure 2-3 How to create a computer solution to a problem 

Step 1—Analyze the Problem 

You cannot solve a problem unless you understand it, and you cannot under¬ 
stand a problem unless you analyze it—in other words, unless you identify its 
important components. The two most important components of any problem 
are the problem’s output and its input. The output is the goal of solving the prob¬ 
lem, and the input is the item or items needed to achieve the goal. When analyz¬ 
ing a problem, you always search first for the output and then for the input. The 
first problem specification analyzed in this chapter is shown in Figure 2-4. 


Treyson Mobley wants a program that calculates and displays the amount he should 
tip a waiter at a restaurant. The program should subtract any liquor charge from the 
total bill and then calculate the tip (using a percentage) on the remainder. 


Figure 2-4 Problem specification for Treyson Mobley 

A helpful way to identify the output is to search the problem specification for 
an answer to the following question: What does the user want to see displayed 
on the screen, printed on paper, or stored in a file? The answer to this question 
typically is stated as nouns and adjectives in the problem specification. For 
instance, the problem specification in Figure 2-4 indicates that Treyson (the 
program’s user) wants to see the amount of the waiter’s tip displayed on the 
screen; therefore, the output is the tip. In this context, the word tip is a noun. 

After determining the output, you then determine the input. A helpful way 
to identify the input is to search the problem specification for an answer to 
the following question: What information will the computer need to know to 
display, print, or store the output items? As with the output, the input typi¬ 
cally is stated as nouns and adjectives in the problem specification. When 
determining the input, it helps to think about the information that you would 
need to solve the problem manually, because the computer will need to know 
the same information. In this case, to determine the tip, both you and the 
computer need to know the total bill, the liquor charge, and the tip percent¬ 
age; these items, therefore, are the input. In this context, total, liquor, and tip 
are adjectives, while bill, charge, and percentage are nouns. This completes 
the analysis step for the Treyson Mobley problem. Some programmers use 
an IPO chart to organize and summarize the results of the analysis step, as 
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shown in Figure 2-5. IPO is an acronym for Input, Processing, and Output. 
You record the input items in the Input column of the IPO chart and record 
the output items in the Output column. 


Input 

Processing 

Output 

total bill 

Processing Items: 

tip 

liquor charge 
tup percentage 

Algorithm: 



Figure 2-5 Partially completed IPO chart showing the input and output items 

Hints for Analyzing Problems 

Unfortunately, analyzing real-world problems will not be as easy as analyzing 
the problems found in a textbook. The analysis step is the most difficult of 
the problem-solving steps, and it requires a lot of time, patience, and effort. 

If you are having trouble analyzing a problem, try reading the problem speci¬ 
fication several times, as it is easy to miss information during the first read¬ 
ing. If the problem still is unclear to you, do not be shy about asking the user 
for more information. Remember, the more you understand a problem, the 
easier it will be for you to write a correct and efficient solution. 

When reading a problem specification, it helps to use a pencil to lightly cross 
out the information that you feel is unimportant to the solution, as shown in 
Figure 2-6. Doing this reduces the amount of information you need to con¬ 
sider in your analysis. If you are not sure whether an item of information is 
important, ask yourself this question: If I didn’t know this information, could I 
still solve the problem? If your answer is Yes, then the information is superflu¬ 
ous and you can ignore it. If you later find that the information is important, 
you can always erase the pencil line. 


Trcyson Mobley wants a program that calculates and displays the amount he should 
tip a waiter at a restaurant. The program should subtract any liquor charge from the 
total bill and then calculate the tip (using a percentage) on the remainder. 


Figure 2-6 Problem specification with unimportant information crossed out 

Some problem specifications are difficult to analyze because they contain 
incomplete information. The problem specification shown in Figure 2-7 
provides an example of this. It is clear from reading the problem specification 
that the output is the weekly gross pay, and the input is the hourly pay and 
the number of hours worked during the week. However, most companies pay 
a premium (such as time and one-half) for the hours worked over 40. You 
cannot tell whether the premium applies to the additional 10 hours that Jack 
worked, because the problem specification does not contain enough infor¬ 
mation. Before you can solve this problem, you will need to ask the payroll 
manager about the company’s overtime policy. 


Jack Osaki earns $7 per hour. Last week, Jack worked 50 hours. He wants a program 
that calculates and displays his weekly gross pay. 


Figure 2-7 Problem specification that does not contain enough information 
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As a programmer, it is important to distinguish between information that 
truly is missing in the problem specification and information that simply is 
not stated, explicitly, in the problem specification—that is, information that is 
implied. For example, consider the problem specification shown in Figure 2-8. 
To solve the problem, you need to calculate the area of a rectangle; you do 
this by multiplying the rectangle’s length by its width. Therefore, the area is 
the output, and the length and width are the input. Notice, however, that the 
words length and width do not appear in the problem specification. Although 
both items are not stated explicitly in the problem specification, neither is 
considered missing information. This is because the formula for calculating 
the area of a rectangle is common knowledge. (The formula also can be found 
in any math book or on the Internet.) With practice, you will be able to “fill in 
the gaps” in a problem specification also. 



Caroline Casey wants a program that calculates and displays the area of any 
rectangle. 


Figure 2-8 Problem specification in which the input is not explicitly stated 


Mini-Quiz 2-1 

Identify the output and input in each of the following problem specifications. 

Also identify any information that is missing from the specification. 

1. Kendra Chopra lives in a state that charges a 5% sales tax. She wants a 
program that displays the amount of sales tax due on a purchase. 

2. Henry Denton belongs to a CD (compact disc) club. Last year, he 
bought all of his CDs from the club at $8 per CD. He wants to know 
how much he saved last year by buying the CDs through the club 
rather than through a music store. 

3. Kelsey Jones saves $1.50 per day. She would like to know the total 
amount she saved during the month of January. 

4. If James Monet saves $2 per day, how much will he save in one year? 


The answers to 
Mini-Quiz 
questions are 
located in 
Appendix A. 


Step 2—Plan the Algorithm 

The second step in the problem-solving process is to plan the algorithm that 
will transform the problem’s input into its output. You record the algorithm 
in the Processing column of the IPO chart. Each instruction in the algorithm 
will describe an action that the computer needs to take. Therefore, each 
instruction should start with a verb. Most algorithms begin with an instruc¬ 
tion to enter the input items into the computer. Next, you usually record 
instructions to process the input items to achieve the problem’s output. The 
processing typically involves performing one or more calculations using the 
input items. Most algorithms end with an instruction to display, print, or 
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store the output items. Display, print, and store refer to the computer screen, 
the printer, and a file on a disk, respectively. Figure 2-9 shows the problem 
specification and IPO chart for the Treyson Mobley problem. The algorithm 
begins by entering the input items. It then uses the input items to calculate 
the output item. Notice that the algorithm states both what is to be calcu¬ 
lated and how to calculate it. In this case, the tip is calculated by subtracting 
the liquor charge from the total bill and then multiplying the remainder by 
the tip percentage. The last instruction in the algorithm displays the output 
item. To avoid confusion, it is important that the algorithm is consistent 
when referring to the input and output items. For example, if the input item 
is listed as total bill, then the algorithm should refer to the item as total bill 
rather than a different name, such as total or total due. 


Notice that each 
instruction in 
= Figure 2-9’s 

algorithm begins 
with a verb. 


Problem specification 

Treyson Mobley wants a program that calculates and displays the amount he should 
tip a waiter at a restaurant. The program should subtract any liquor charge from the 
total bill and then calculate the tip (using a percentage) on the remainder. 

Input Processing Output 

total bill Pro&essli/vg ltem.s: vrowt tip 

Liquor charge 
tip peroeritage 

Algorithm.: 

1. enter the total bill, liquor charge, and tip percentage 

2 . calculate the tip by subtracting the liquor charge 
fro m. the total bill and then multiplying the 
remainder by the tip percentage 

3. display the tip 


Figure 2-9 Problem specification and IPO chart for the Treyson Mobley problem 

The algorithm in Figure 2-9 is composed of short English statements, 
referred to as pseudocode. The word pseudocode means false code. It’s called 
false code because, although it resembles programming language instruc¬ 
tions, pseudocode cannot be understood by a computer. Programmers use 
pseudocode to help them while they are planning an algorithm. It allows 
them to jot down their ideas using a human-readable language without 
having to worry about the syntax of the programming language itself. The 
pseudocode is used as a guide when the programmer codes the algorithm. 
Coding the algorithm is the fourth step in the problem-solving process and is 
covered in Chapters 3 and 4. Pseudocode is not standardized; every program¬ 
mer has his or her own version, but you will find some similarities among the 
various versions. Although the word pseudocode might be unfamiliar to you, 
you already have written pseudocode without even realizing it. Think about 
the last time you gave directions to someone. You wrote down each direction 
on paper, in your own words. Your directions were a form of pseudocode. 

Besides using pseudocode, programmers also use flowcharts when planning 
algorithms. Unlike pseudocode, a flowchart uses standardized symbols to 
visually depict an algorithm. You can draw the flowchart symbols by hand; or, 
you can use the drawing or shapes feature in a word processor. You also can 
use a flowcharting program, such as SmartDraw or Visio. Figure 2-10 shows 
the algorithm from Figure 2-9 in flowchart form. The flowchart contains three 
different symbols: an oval, a parallelogram, and a rectangle. The symbols are 
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connected with lines, called flowlines. The oval symbol is called the start/ 
stop symbol. The start oval indicates the beginning of the flowchart, and 
the stop oval indicates the end of the flowchart. Between the start and stop 
ovals are two parallelograms, called input/output symbols. You use the input/ 
output symbol to represent input tasks (such as getting information from the 
user) and output tasks (such as displaying, printing, or storing information). 
The first parallelogram in Figure 2-10 represents an input task, while the last 
parallelogram represents an output task. The rectangle in a flowchart is called 
the process symbol and is used to represent tasks such as calculations. 



Input 

Processing 

Output 

total bill 

Processing Itevns: none 

tip 

Liquor charge 



tip percentage 




Algorithm: 


( st 

art ) 

/ enter total bill, / 

liquor charge, and / 

tip percentage / 


' 

tip = (total bill - liquor charge) * 
tip percentage 



^/ display tip ^ 

( St 

1 

op ) 


Figure 2-10 Figure 2-9's algorithm in flowchart form 

When planning an algorithm, you do not need to create both pseudocode 
and a flowchart; you need to use only one of these planning tools. The tool 
you use is really a matter of personal preference. For simple algorithms, 
pseudocode works just fine. However, when an algorithm becomes more 
complex, its logic may be easier to see in a flowchart. As the old adage goes, a 
picture is sometimes worth a thousand words. 

Even a very simple problem can have more than one solution. Figure 2-11 
shows a different solution to the Treyson Mobley problem. In this solu¬ 
tion, the difference between the total bill and liquor charge is calculated in 
a separate instruction rather than in the instruction that calculates the tip. 
The total bill without liquor charge item is neither an input item (because it’s 
not provided by the user) nor an output item (because it won’t be displayed, 
printed, or stored in a file). Instead, the total bill without liquor charge is a 
special item, commonly referred to as a processing item. A processing item 
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represents an intermediate value (neither input nor output) that the algo¬ 
rithm uses when processing the input into the output. In this case, the algo¬ 
rithm uses two of the input items (total bill and liquor charge) to calculate 
the total bill without liquor charge (an intermediate value). It then uses this 
intermediate value, along with the tip percentage, to compute the tip. 


Problem specification 

Treyson Mobley wants a program that calculates and displays the amount he should 
tip a waiter at a restaurant. The program should subtract any liquor charge from the 
total bill and then calculate the tip (using a percentage) on the remainder. 


Input 

total bill 
liquor charge 
tup percentage 


Processing Output 

Processing items: tip 

total bill without liquor charge 

Algorithm (pseudocode): 

1. enter the total bill, liquor charge, and tip percentage 

2 . calculate the total bill without liquor charge by 
subtracting the liquor charge -from the total bill 

3. calculate the tip by multiplying the total bill 
without liquor charge by the tip percentage 

4 . display the tip 


Algorithm (flowchart): 



Figure 2-11 A different solution to the Treyson Mobley problem 

The algorithms shown in Figures 2-9 through 2-11 produce the same result 
and simply represent two different ways of solving the same problem. 
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Mini-Quiz 2-2 

1. The parallelogram in a flowchart is called the_symbol. 

2. In a flowchart, calculation tasks are placed in a processing symbol, 

which has a_shape. 

3. Kendra Chopra lives in a state that charges a 5% sales tax. She wants a 
program that displays the amount of sales tax due on a purchase. The 
output is the sales tax. The input is the purchase amount and the sales 
tax rate. Complete an appropriate IPO chart, using pseudocode in the 
Algorithm section. 

4. Henry Denton belongs to a CD (compact disc) club. Last year, he 
bought all of his CDs from the club at $8 per CD. He wants to know 
how much he saved last year by buying the CDs through the club 
rather than through a music store that charges $12 per CD. The out¬ 
put is the savings. The input is the number of CDs purchased, the club 
CD price, and the store CD price. Complete an appropriate IPO chart, 
using a flowchart in the Algorithm section. The algorithm should use 
two processing items: one for the cost of buying the CDs through the 
club and the other for the cost of buying the CDs through the store. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 



Step 3—Desk-Check the Algorithm 

After analyzing a problem and planning its algorithm, you then desk-check 
the algorithm. The term desk-checking refers to the fact that the program¬ 
mer reviews the algorithm while seated at his or her desk rather than in 
front of the computer. Desk-checking is also called hand-tracing, because 
the programmer uses a pencil and paper to follow each of the algorithm’s 
instructions by hand. You desk-check an algorithm to verify that it is not 
missing any instructions and that the existing instructions are correct and in 
the proper order. Before you begin the desk-check, you first choose a set of 
sample data for the input values, which you then use to manually compute 
the expected output value. For the Treyson Mobley solution, you will use 
input values of $45, $10, and .2 (the decimal equivalent of 20%) as the total 
bill, liquor charge, and tip percentage, respectively. A manual calculation of 
the tip results in $7, as shown in Figure 2-12. 


$45 (total bill) 

- 10 (liquor charge) 

35 (total bill without liquor charge) 
* .2 (tip percentage) 

$ 7 (tip) 


Figure 2-12 Manual tip calculation for the first desk-check 

You now use the sample input values to desk-check the algorithm, which 
should result in the expected output value of $7. It is helpful to use a desk-check 
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table when desk-checking an algorithm. The table should contain one column 
for each input item listed in the IPO chart, as well as one column for each out¬ 
put item and one column for each processing item (if any). You can perform the 
desk-check using either the algorithm’s pseudocode or its flowchart. Figure 2-13 
shows one solution for the Treyson Mobley problem along with a partially 
completed desk-check table. (The flowchart for this solution is shown earlier in 
Figure 2-11.) Notice that the desk-check table contains five columns: three for 
the input items, one for the processing item, and one for the output item. 


Input 

Processing 

Output 

total bill 

Proaessimg items: 

tip 

Liquor akarge 
tip peraentage 

total bill without liquor akarge 

Algorithm.: 



1. enter the total bill. Liquor akarge, and tip peraentage 

2 . aalaulate the total bill without liquor akarge by 
subtraating the liquor akarge from, the total bill 

3. aalaulate the tip by multiplying the total bill 
without liquor akarge by the tip peraentage 

4. display the tip 

total bill liquorakarge tip pereentage total bill without liquor akarge tip 


Figure 2-13 Treyson Mobley solution and partially completed desk-check table 

The first instruction in the algorithm is to enter the input values. You record 
the results of this instruction by writing 45, 10, and .2 in the total bill, liquor 
charge, and tip percentage columns, respectively, in the desk-check table. See 
Figure 2-14. 


total bill liquorakarge tip percentage total bill without liquor akarge tip 
4 5 10 .2 


Figure 2-14 Input values entered in the desk-check table 

The second instruction in the algorithm is to calculate the total bill without 
liquor charge by subtracting the liquor charge from the total bill. The desk- 
check table shows that the total bill is 45 and the liquor charge is 10. When 
making the calculation, always use the table to determine the values of the 
total bill and liquor charge. Doing this helps to verify the accuracy of the 
algorithm. If, for example, the table did not show any amount in the total bill 
column, you would know that your algorithm missed an instruction; in this 
case, it neglected to enter the total bill amount. When you subtract the liquor 
charge (10) from the total bill (45), you get 35. You record the number 35 in 
the total bill without liquor charge column, as shown in Figure 2-15. 


total bill liquor akarge tip percentage total bill without liquor akarge tip 
45" 10 .2 35 


Figure 2-15 Processing item’s value entered in the desk-check table 
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The third instruction in the algorithm is to calculate the tip by multiplying 
the total bill without liquor charge by the tip percentage. The desk-check 
table shows that the total bill without liquor charge is 35 and the tip percent¬ 
age is .2. When you multiply 35 by .2, you get 7. You record the number 7 in 
the tip column, as shown in Figure 2-16. 


total bill Liquor oknrge tip peroei/itcige totiiL biLL without Liquor charge tip 
45 " 10 .2 35 y- 



Figure 2-16 Output value entered in the desk-check table 


The last instruction in the algorithm is to display the tip. In this case, the 
number 7 will be displayed because that is what appears in the tip col¬ 
umn. Notice that this amount agrees with the manual calculation shown in 
Figure 2-12; therefore, the algorithm appears to be correct. The only way to 
know for sure, however, is to test the algorithm a few more times with differ¬ 
ent input values. For the second desk-check, you will test the algorithm using 
$30, $0, and .15 as the total bill, liquor charge, and tip percentage, respec¬ 
tively. The tip should be $4.50, as shown in Figure 2-17. 


$ 30 (total bill) 

0 (liquor charge) 

30 (total bill without liquor charge) 
* .15 (tip percentage) 

$4.50 (tip) 


Figure 2-17 Manual tip calculation for the second desk-check 

Recall that the first instruction in the algorithm is to enter the total bill, 
liquor charge, and tip percentage. Therefore, you write 30, 0, and .15 in 
the appropriate columns in the desk-check table, as shown in Figure 2-18. 
Although it’s not required, some programmers find it helpful to lightly cross 
out the previous value in a column before recording a new value. Doing this 
helps keep track of the column’s current value. 


totaL biLL 

Liquor ohcfrge 

tip peroewtige 

totaL bill without Liquor ohnrge tip 

55 

44 

■=3r 

35 y- 

30 

0 

. 1 5 



Figure 2-18 Second set of input values entered in the desk-check table 

The second instruction in the algorithm is to calculate the total bill with¬ 
out liquor charge. You do this by subtracting the value in the liquor charge 
column (0) from the value in the total bill column (30). You record the result 
(30) in the total bill without liquor charge column. See Figure 2-19. 
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total bill 

liquor charge 

tip percentage 

tote? 1 b III witho u± llqwo r charge tip 



Sr 

3S y- 

30 

0 

.1 5 

30 



Figure 2-19 Value of the second desk-check’s processing item entered in the 
desk-check table 

The third instruction in the algorithm is to calculate the tip by multiplying 
the value in the total bill without liquor charge column (30) by the value in 
the tip percentage column (.15). You record the result (4.50) in the tip col¬ 
umn, as shown in Figure 2-20. The last instruction in the algorithm is to dis¬ 
play the tip. In this case, the number 4.50 will be displayed, which agrees with 
the manual calculation shown in Figure 2-17. 


total bill 

liquor charge 

tip percentage 

total bill without Liquor charge tip 



Sr 

ss ^ 

30 

0 

.±5 

30 4 .50 


Figure 2-20 Value of the second desk-check’s output item entered in the 
desk-check table 

To be sure an algorithm works correctly, you should desk-check it several 
times using both valid and invalid data. Valid data is data that the algorithm 
is expecting the user to enter. For example, the algorithm that you just fin¬ 
ished desk-checking expects the user to provide positive numbers for the 
input values. Invalid data is data that the algorithm is not expecting the user 
to enter, such as a negative number for the total bill. You should test an algo¬ 
rithm with invalid data because users sometimes make mistakes when enter¬ 
ing data. In later chapters in this book, you will learn how to write algorithms 
that correctly handle input errors. For now, however, you can assume that the 
user will always enter valid data. 


The Gas Mileage Problem 

The gas mileage problem will help reinforce what you learned in this chapter. 
Figure 2-21 shows the problem specification. 


When Cheryl Harrison began her trip from New York to Wyoming, she filled her car’s 
tank with gas and reset its trip meter to zero. After traveling 324 miles, Cheryl 
stopped at a gas station to refuel; the gas tank required 17 gallons. Cheryl wants a 
program that calculates and displays her car’s gas mileage at any time during the trip. 
The gas mileage is the number of miles her car was driven per gallon of gas. 


Figure 2-21 Problem specification for the gas mileage problem 











The Gas Mileage Problem 


First, analyze the problem, looking for nouns and adjectives that represent 
both the output and the input. The output should answer the following 
question: What does the user want to see displayed on the screen, printed on 
paper, or stored in a file? The input should answer the question: What infor¬ 
mation will the computer need to know to display, print, or store the output 
items? In the gas mileage problem, the output is the miles per gallon and the 
input is the miles driven and gallons used. 

Next, plan the algorithm. Recall that most algorithms begin with an instruc¬ 
tion to enter the input items into the computer, followed by instructions that 
process the input items and then display, print, or store the output items. 
Figure 2-22 shows the completed IPO chart for the gas mileage problem. 



Input 

waits, d riven 
gallons used 


Processing 

Processing it ems: none 
Algorithm: 

1. enter the miles driven and gallons used ~ 

2 . calculate the miles per gallon by dividing 
the miles driven by the gallons used 

3. display the miles per gallon 


Output 

miles per gallon 




each instruction 



begins with a verb 


Figure 2-22 IPO chart for the gas mileage problem 

After planning the algorithm, you then desk-check it. You will desk-check the 
algorithm twice, first using 324 and 17 as the miles driven and gallons used, 
respectively, and then using 200 and 12. Figure 2-23 shows the completed 
desk-check table for the gas mileage problem. (The miles per gallon are 
rounded to two decimal places.) 


miles driven 

gallons used 

miles per gallon 


& 

±°).00 

zoo 

12 



Figure 2-23 Desk-check table for the gas mileage problem 


The answers to 

Mini-Quiz 2-3 Mini-Quiz ques- 

= tions are located 

1. Desk-check the algorithm shown in Figure 2-24 twice. First, use in Appendix A. 

a purchase amount of $67 and a sales tax rate of .05 (the decimal 

equivalent of 5%). Then use a purchase amount of $100 and a sales 
tax rate of .02 (the decimal equivalent of 2%). 

2. Desk-check the algorithm shown in Figure 2-25 twice. Use the 
numbers 5 and 11 as the first set of input values. Use the numbers 
6 and 12 as the second set of input values. 
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Input 

Processing 

Output 

purchase amount 

Processing items: none 

sales tax 

sales tax rate 

Algorithm: 

1. enter the purchase amount and sales tax rate 

2 . calculate the sales tax by multiplying the 
purchase amount by the sales tax rate 

3. display the sales tax 


Figure 2-24 IPO chart for Question 1 in Mini-Quiz 2-3 

Input 

Processing 

Output 

-first number 

Processing items: 

average 

second \Au.wdo&y 

sum 



Algorithm: 

1. enter the first tAnwdotr and s.tto\A.d number 

2 . calculate the sum by adding together the 
first \AMwdotY and second number 

3. calculate the average by dividing the sum by 

4. display the average 

2 



Figure 2-25 IPO chart for Question 2 in Mini-Quiz 2-3 


The answers to 
the labs are 
s located in 
Appendix A. 


& 


1 


AB 2-1 Stop and Analyze 


Aiden Nelinski is paid every Friday. He is scheduled to receive either 
a 2% or 2.5% raise next week. He wants a program that calculates 
and displays the amount of his new weekly pay. Study the IPO chart 
and desk-check table shown in Figures 2-26 and 2-27; and then answer the 
questions. 


Input Processing Output 

current weekly pay Processing items: none new weekly 

pay 

raise percentage 

Algorithm: 

1. enter the current weekly pay and raise percentage 

2 . calculate the new weekly pay by multiplying the 
current weekly pay by the raise percentage and 
then adding the result to the c.\AXYt\A.t weekly pay 

3. display the new weekly pay 


Figure 2-26 IPO chart for Lab 2-1 


ourreyit weekly pay 

raise percentage 

new weekly pay 


A3 


500 

.025 

512.50 


Figure 2-27 Desk-check table for Lab 2-1 
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QUESTIONS 

What will the algorithm in Figure 2-26 display when the user enters 
300 and .02 as the current weekly pay and raise percentage, respec¬ 
tively? What will it display when the user enters 500 and .025? 

2 . How would you modify Lab 2-1’s IPO chart and desk-check table to 
include the amount of the raise as a processing item? 

3 . How would you modify Lab 2-1’s IPO chart and desk-check table to 
also display the amount of the raise? 




AB 2-2 Plan and Create 


In this lab, you will plan and create an algorithm for the manager 
of the Lakeview Hotel. The problem specification is shown in 
Figure 2-28. 


The manager of the Lakeview Hotel wants a program that calculates and displays a 
guest’s total bill. Each guest pays a room charge that is based on a per-night rate. For 
example, if the per-night rate is $100 and the guest stays two nights, the room charge 
is $200. Customers also may incur a one-time room service charge and a one-time 
telephone charge. 


Figure 2-28 Problem specification for Lab 2-2 

First, analyze the problem, looking for the output first and then for the input. 
Recall that the output and input typically are stated as nouns and adjectives 
in the problem specification. Asking the question What does the user want to 
see displayed on the screen, printed on paper, or stored in a file? will help you 
determine the output. In this case, the manager wants to see the guest’s total 
bill displayed on the computer screen. The question What information will 
the computer need to know to display, print, or store the output items? will 
help you determine the input. In this case, the input is the number of nights, 
per-night rate, room service charge, and telephone charge. Figure 2-29 shows 
the input and output items entered in an IPO chart. 


Input 

Processing 

Output 

number of rights 
per-right rate 

Processing items: 

total bill 

room, service charge 
telephone charge 

Algorithm: 



Figure 2-29 Partially completed IPO chart for Lab 2-2 

After determining a problem’s output and input, you then plan its algorithm. 
Recall that most algorithms begin by entering the input items into the com¬ 
puter. The first instruction in the current problem’s algorithm, for example, 
will be enter the number of eights, per-night rate, room service charge, 
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fliA,d telephone charge. Notice that the instruction refers to the input items 
using the same names listed in the Input column of the IPO chart. After the 
instruction to enter the input items, you usually record instructions to pro¬ 
cess those items, typically including the items in one or more calculations. In 
this case, you first will use the number of nights and per-night rate to calcu¬ 
late an intermediate value: the room charge. You then will calculate the total 
bill by adding together the room charge, room service charge, and telephone 
charge. Recall that most algorithms end with an instruction to display, print, 
or store the output items. The last instruction in this algorithm will simply 
display the total bill on the screen. Figure 2-30 shows the completed IPO 
chart. Notice that each instruction in the algorithm begins with a verb. 


You also can 
write the 

m algorithm in 
Figure 2-30 
without using a 
processing item, as 
shown in Figure 2-35. 


Input 

number of nights 
per- night rate 
room service charge 
telephone charge 


Processing Output 

Processing items: total bill 

room charge 


Algorithm: 

1 . enter the rvumber of nights, per-rvght rate, 
room service charge, and telephone charge 

2. calculate the room, charge by multiply ing 
the number of wights by the per-wXght rate 

3. calculate the total bill by adding together the 
room charge, room service charge, and telephone 
charge 

4. display the total bill 


Figure 2-30 Completed IPO chart for Lab 2-2 


After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You begin by 
choosing a set of sample data for the input values. You then use the values 
to manually compute the expected output. You will desk-check the current 
algorithm twice: first using 4, $100, $12, and $5 as the number of nights, 
per-night rate, room service charge, and telephone charge, respectively, and 
then using 2, $55, $20, and $0. For the first desk-check, the total bill should 
be $417. For the second desk-check, the total bill should be $130. The manual 
calculations for both desk-checks are shown in Figure 2-31. 


First desk-check 

Second desk-check 

4 

(number of nights) 

2 

(number of nights) 

* 100 

(per-night rate) 

* 55 

(per-night rate) 

400 

(room charge) 

110 

(room charge) 

+ 12 

(room service charge) 

+ 20 

(room service charge) 

+ 5 

(telephone charge) 

+ 0 

(telephone charge) 

$ 417 

(total bill) 

$ 130 

(total bill) 


Figure 2-31 Manual total bill calculations for the two desk-checks 
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Next, you create a desk-check table that contains one column for each input, 
processing, and output item. You then begin desk-checking the algorithm. 
The first instruction is to enter the input values. Figure 2-32 shows these 
values entered in the desk-check table. 


number of 

per-rugkt 

room. service 

telephone 

rODV\A 

toted 

eights 

rate 

charge 

charge 

charge 

bill 

4 

100 

12 

5 





Figure 2-32 First set of input values entered in the desk-check table 

The second and third instructions are to calculate the room charge and total 
bill. Figure 2-33 shows these values entered in the desk-check table. 


number of 

per-i/ugkt 

room. servLoe 

telephone 

rODV\A 

total 

i/ugkts 

rate 

charge 

charge 

charge 

hill 

4 

100 

12 

5 

400 

41 y- 


Figure 2-33 Room charge and total bill values entered in the desk-check table 

The last instruction in the algorithm is to display the total bill. According 
to the desk-check table in Figure 2-33, the total bill is 417. This amount 
agrees with the manual calculation shown earlier in Figure 2-31. Now use 
the second set of input values to desk-check the algorithm. Figure 2-34 
shows the result of the second desk-check. Notice that the amount in the 
total bill column (130) agrees with the manual calculation shown earlier in 
Figure 2-31. 


number of 

per-iUgkt 

room, servl&e 

telephone 

rooiM. 

total 

i/u,gkts 

rate 

charge 

charge 

charge 

bill 

4 

_QQ 

12 

5 

QQ 

442- 

2 

55 

20 

0 

110 

130 


Figure 2-34 Desk-check table showing the result of the second desk-check 


Almost every problem, even simple ones, can be solved in more than one 
way. Figure 2-35 shows another solution to Lab 2-2’s problem. Unlike the 
solution shown in Figure 2-30, this solution does not use a processing item. 
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Problem specification 

The manager of the Lakeview Hotel wants a program that calculates and displays a 
guest’s total bill. Each guest pays a room charge that is based on a per-night rate. For 
example, if the per-night rate is $100 and the guest stays two nights, the room charge 
is $200. Customers also may incur a one-time room service charge and a one-time 
telephone charge. 

Input Processing Output 

number of iA,lghts Pro cessing Items: none toted bill 

per-night rate 
room service c-harge 
telephone charge 

Algorithm: 

1. enter the number of ivigkts, per-night rate, 
room service charge, and telephone charge 

2 . calculate the total bill by i/Kultlplyiivg the 
number of ivlghts by the per-iclght rate and 
then adding the result to the room service charge 
and telephoio-e charge 

3. display the total bill 


Figure 2-35 A different solution for Lab 2-2’s problem 



1 


AB 2-3 Modify 


Each guest at the Lakeview Hotel pays an entertainment tax, which 
is a percentage of the room charge only. Make the appropriate 
modifications to the IPO chart shown in Figure 2-30. Desk-check 
the algorithm twice. For the first desk-check, use 3, $70, $0, $10, and .05 as 
the number of nights, per-night rate, room service charge, telephone charge, 
and entertainment tax rate, respectively. For the second desk-check, use 7, 
$100, $25, $6, and .03. 


& 


1 


AB 2-4 Desk-Check 


The algorithm shown in Figure 2-36 calculates and displays an 
annual property tax. Currently, the property tax rate is $1.50 for 
each $100 of a property’s assessed value; however, the tax rate 
changes each year. Desk-check the algorithm three times. For the first desk- 
check, use $104,000 and $1.50 as the assessed value and property tax rate, 
respectively. For the second desk-check, use $239,000 and $1.15. For the third 
desk-check, use $86,000 and $0.98. Be sure to manually calculate the annual 
property tax for each set of input values. (The annual property tax using the 
first set of input values is $1560.) 
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Input 

assessed value 
tax rate 


Processing Output 

Processing Items: mome a mmus l property tax 


Algorithm: 

1. emterthe assessed value amd tax rate 

2 . calculate the ammual property tax by dividing 
the assessed value by too amd them 
multlplylmg the result by the tax rate 

3 . display the ammual property tax 



Figure 2-36 IPO chart for Lab 2-4 



AB 2-5 Debug 


The algorithm in Figure 2-37 should calculate and display the 
average of three numbers, but it is not working correctly. In this 
lab, you will find and correct the errors in the algorithm. 


Input Processing Output 

first u,unA.ber Processing Items: average 

second number sum, 

third number 

Algorithm.: 

1. enter the first number, s,eeoiAd number, and 
third mumber 

2 . calculate the average by dividing the sum by 3 

3. display the average number 


Figure 2-37 IPO chart for Lab 2-5 

You locate the errors in an algorithm by desk-checking it. First, choose a set 
of sample data for the input values. In this case, you will use the numbers 25, 
63, and 14. Now use the values to manually compute the expected output—in 
this case, the average. The average of the three numbers is 34. Next, create 
a desk-check table that contains a column for each input, processing, and 
output item. This desk-check table will contain five columns. Finally, walk 
through each of the instructions in the algorithm, recording the appropri¬ 
ate values in the desk-check table. The first instruction in the algorithm in 
Figure 2-37 is to enter the three input values. Figure 2-38 shows these values 
entered in the desk-check table. 


first mumber 

secornd mumber 

third mumber 

sum 

average 

2 5 

63 

14 




Figure 2-38 Three input values entered in the desk-check table 

The next instruction is to calculate the average by dividing the sum by 3. 
Notice that the sum column in the desk-check table does not contain a value. 
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This fact alerts you that the algorithm is missing an instruction. In this case, 
it is missing the instruction to calculate the sum of the three numbers. The 
missing instruction is shaded in Figure 2-39. 



Input 

-first number 
second number 
third number 


Processing Output 

Processing items: average 

sum 

Algorithm: 

1 . enter the first number, second number, 
and third number 

2 . calculate the sum by adding together the 

first number, seeoiA-d number, and third number 

3. calculate the average by dividing the sum by 3 

4. display the average number 


Figure 2-39 Missing instruction added to the IPO chart for Lab 2-5 

The additional instruction calculates the sum by adding together the first 
number, second number, and third number. According to the desk-check 
table shown earlier in Figure 2-38, those values are 25, 63, and 14. The 
sum of those values is 102. Figure 2-40 shows the sum entered in the 
desk-check table. 


first number 

second number 

third number 

sum 

average 

2 5 

63 

14 

102 



Figure 2-40 Sum entered in the desk-check table 

The next instruction is to calculate the average by dividing the sum by 3. 
According to the desk-check table, the sum is 102. Dividing 102 by 3 results 
in 34. Figure 2-41 shows the average entered in the desk-check table. 


first number 

second number 

third number 

sum 

average 

2 5 

63 

14 

102 

34 


Figure 2-41 Average entered in the desk-check table 

The last instruction in the algorithm is display the average number. Notice 
that the desk-check table does not contain a column with the heading 
“average number.” Recall that, to avoid confusion, it is important to be con¬ 
sistent when referring to the input, output, and processing items in the IPO 
chart. In this case, the last instruction in the algorithm should be display 
the average rather than display the average number. According to the desk- 
check table, the average column contains the number 34, which is correct. 
Figure 2-42 shows the corrected algorithm. The changes made to the original 
algorithm (shown earlier in Figure 2-37) are shaded in the figure. 













Summary 


Input Processing 

first number Processing Items: 

second nu.mber sum 

third number 


Output 

average 


Algorithm: 

1 . enter the first number, second number, and third number 


2 . calculate the sum by adding together the first number, 

second number, and third number 
jjl calculatethe average by dividing the sum by 3 
4. display the average 



Figure 2-42 Corrected algorithm for Lab 2-5 

On your own, desk-check the corrected algorithm shown in Figure 2-42 
using the numbers 33, 56, and 70. 




Summary 

• The process you follow when creating solutions to everyday problems is 
similar to the process used to create a computer program, which also is 
a solution to a problem. This problem-solving process typically involves 
analyzing the problem and then planning, reviewing, implementing, 
evaluating, and modifying (if necessary) the solution. 

• Programmers use tools such as IPO (Input, Processing, Output) charts, 
pseudocode, and flowcharts to help them analyze problems and develop 
algorithms. 

• The first step in the problem-solving process is to analyze the problem. 
During the analysis step, the programmer first determines the output, 
which is the goal or purpose of solving the problem. The programmer then 
determines the input, which is the information needed to reach the goal. 

• The second step in the problem-solving process is to plan the algo¬ 
rithm. During the planning step, programmers write the instructions 
that will transform the input into the output. Most algorithms begin by 
entering some data (the input items), then processing that data (usually 
by performing some calculations), and then displaying some data (the 
output items). 

• The third step in the problem-solving process is to desk-check the 
algorithm to determine whether it will work as intended. First, choose a 
set of sample data for the input values. Then use the values to manually 
compute the expected output. Next, create a desk-check table that 
contains a column for each input, processing, and output item. Finally, 
walk through each of the instructions in the algorithm, recording the 
appropriate values in the desk-check table. 
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Key Terms 


Desk-checking—the process of manually walking through each of the 
instructions in an algorithm; also called hand-tracing 

Flowchart—a tool that programmers use to help them plan (or depict) an 
algorithm; consists of standardized symbols connected by flowlines 
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Flowlines—the lines that connect the symbols in a flowchart 

Hand-tracing—another term for desk-checking 

Input—the items a program needs in order to achieve the output 

Input/output symbol—the parallelogram in a flowchart; used to represent 
input and output tasks 

Invalid data—data that the algorithm is not expecting the user to enter 

IPO —an acronym for Input, Processing, and Output 

IPO chart—a chart that some programmers use to organize and summarize 
the results of a problem analysis 

Output—the goal of solving a problem; the items the user wants to display, 
print, or store 

Process symbol—the rectangle symbol in a flowchart; used to represent tasks 
such as calculations 

Processing item—an intermediate value (neither input nor output) that an 
algorithm uses when processing the input into the output 

Pseudocode—a tool that programmers use to help them plan an algorithm; 
consists of short English statements; means false code 

Start/stop symbol—the oval symbol in a flowchart; used to mark the 
beginning and end of the flowchart 

Valid data—data that the algorithm is expecting the user to enter 


Review Questions 


1. The first step in the problem-solving process is to_ 

a. plan the algorithm 

b. analyze the problem 

c. desk-check the algorithm 

d. code the algorithm 

2. Programmers refer to the goal of solving a problem as 

the_. 

a. input 

b. output 

c. processing 

d. purpose 










Review Questions 


3. Programmers refer to the items needed to reach a problem’s goal as 


the 


a. 

input 

b. 

output 

c. 

processing 

d. 

purpose 



4. A problem’s_will answer the question What does 

the user want to see displayed on the screen, printed on the printer, or 
stored in a file? 

a. input 

b. output 

c. processing 

d. purpose 

5. A problem’s_will answer the question What 

information will the computer need to know to display, print, or store 
the output items? 

a. input 

b. output 

c. processing 

d. purpose 

6. The calculation instructions in an algorithm should 

state_. 

a. only what is to be calculated 

b. only how to calculate something 

c. both what is to be calculated and how to calculate it 

d. both what is to be calculated and why it is calculated 

7. Most algorithms follow the format of_. 

a. entering the input items, then displaying, printing, or storing the 
input items, and then processing the output items 

b. entering the input items, then processing the output items, and 
then displaying, printing, or storing the output items 

c. entering the input items, then processing the input items, and 
then displaying, printing, or storing the output items 

d. entering the output items, then processing the output items, and 
then displaying, printing, or storing the output items 
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8. The short English statements that represent an algorithm are 

called_. 

a. flow diagrams 

b. IPO charts 

c. pseudocharts 

d. pseudocode 

9. The oval in a flowchart is called the_symbol. 

a. calculation 

b. input/output 

c. process 

d. start/stop 

10. A desk-check table should contain_. 

a. one column for each input item 

b. one column for each output item 

c. one column for each processing item 

d. all of the above 

Exercises 

Pencil and Paper 

TRY THIS 1. The sales manager at Colfax Products wants a program that allows 

him to enter the sales made in each of two states. The program 
should calculate and display the commission, which is a percentage 
of the total sales. Complete an IPO chart for this problem. Plan the 
algorithm using a flowchart. Also complete a desk-check table for 
your algorithm. For the first desk-check, use $1000 and $2000 as the 
two state sales and use .05 (the decimal equivalent of 5%) as the com¬ 
mission rate. Then use $3000 and $2500 as the two state sales, and 
use .06 as the commission rate. (The answers to TRY THIS Exercises 
are located at the end of the chapter.) 

TRY THIS 2. Party-On sells individual hot/cold cups and dessert plates for parties. 

Sue Chen wants a program that allows her to enter the price of a cup, 
the price of a plate, the number of cups purchased, the number of 
plates purchased, and the sales tax rate. The program should calculate 
and display the total cost of the purchase. Complete an IPO chart for 
this problem. Plan the algorithm using pseudocode. Desk-check the 
algorithm using $.50 as the cup price, $1 as the plate price, 35 as the 
number of cups, 35 as the number of plates, and .02 as the sales tax 
rate. Then desk-check it using $.25, $.75, 20, 10, and .06. (The answers 
to TRY THIS Exercises are located at the end of the chapter.) 











Exercises 


3. Modify the IPO chart shown earlier in Figure 2-9 as follows. Treyson MODIFY THIS 
will be charging the total bill, including the tip, to his credit card. 

Modify the solution so that, in addition to calculating and displaying 
the appropriate tip, it also calculates and displays the amount charged 
to Treyson’s credit card. Desk-check the algorithm using $50 as the 
total bill, $5 as the liquor charge, and .2 as the tip percentage. Then 
desk-check it using $15 as the total bill, $0 as the liquor charge, and 
.15 as the tip. 

4. Wilma Peterson is paid by the hour. She wants a program that INTRODUCTORY 

calculates her weekly gross pay. For this exercise, you do not need to 

worry about overtime pay, as Wilma never works more than 40 hours 
in a week. Complete an IPO chart for this problem. Desk-check the 
algorithm using $10 as the hourly pay and 35 as the number of hours 
worked. Then desk-check it using $15 as the hourly pay and 25 as the 
number of hours worked. 


5. Jenna Williams is paid based on an annual salary rather than an INTRODUCTORY 

hourly wage. She wants a program that calculates the amount of her 

gross pay for each pay period. Complete an IPO chart for this prob¬ 
lem. Desk-check the algorithm using $35,000 as the annual salary and 
52 as the number of pay periods. Then desk-check it using $50,000 as 
the annual salary and 24 as the number of pay periods. 

6. Rent A Van wants a program that calculates the total cost of renting INTERMEDIATE 

a van. Customers pay a base fee plus a charge per mile driven. 

Complete an IPO chart for this problem. Desk-check the algorithm 
using $50, $.20, and 1000 as the base fee, charge per mile, and number 
of miles driven. Then desk-check it using your own set of data. 

7. The accountant at Typing Haven wants a program that will help INTERMEDIATE 

her prepare a customer’s bill. She will enter the number of typed 

envelopes and the number of typed pages, as well as the charge per 
typed envelope and the charge per typed page. The program should 
calculate and display the amount due for the envelopes, the amount 
due for the pages, and the total amount due. Complete an IPO chart 
for this problem. Desk-check the algorithm using 50, 100, $.10, and 
$.25 as the number of typed envelopes, the number of typed pages, 
the charge per typed envelope, and the charge per typed page. Then 
desk-check it using your own set of data. 


8. The Paper Tree store wants a program that calculates and displays ADVANCED 

the number of single rolls of wallpaper needed to cover a room. The 
salesclerk will provide the room’s length, width, and ceiling height, in 
feet. He or she also will provide the number of square feet a single roll 
will cover. Complete an IPO chart for this problem. Desk-check the 
algorithm using 10, 12, 8, and 30 as the room’s length, width, ceiling 
height, and number of square feet a single roll will cover. Then desk- 
check it using your own set of data. 
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ADVANCED 9. The payroll clerk at Nosaki Company wants a program that calculates 

and displays an employee’s gross pay, federal withholding tax (FWT), 
Social Security and Medicare (FICA) tax, state tax, and net pay. The 
clerk will enter the hours worked (which is never over 40), hourly pay 
rate, FWT rate, FICA tax rate, and state income tax rate. Complete an 
IPO chart for this problem. Desk-check the algorithm using 30, $10, 

.2, .08, and .04 as the hours worked, pay rate, FWT rate, FICA rate, 
and state tax rate. Then desk-check it using your own set of data. 

SWAT THE BUGS 10. GeeBees Clothiers is having a sale. The store manager wants a program 

that allows a salesclerk to enter the original price of an item and the 
discount rate. The program should calculate and display the amount 
of the discount and the sale price. The algorithm in Figure 2-43 is sup¬ 
posed to solve this problem, but it is not working correctly. Correct the 
algorithm, and then desk-check it using an original price of $100 and a 
discount rate of .25 (the decimal equivalent of 25%). 


Input 

Processing 

Output 

original price 

Processing items: none 

dls,CDUIAt 

discount rate 

Algorithm: 

1 . enter the originalprice and discount rate 

2 . calculate the sale price by subtracting the 
discount from the original price 

3. display the discount and price 

sale price 


Figure 2-43 


SWAT THE BUGS 11. Etola Systems wants a program that displays the ending inventory 

amount, given the beginning inventory amount, the amount sold, 
and the amount returned. The algorithm shown in Figure 2-44 is 
supposed to solve this problem, but it is not working correctly. First, 
calculate the expected output using a beginning inventory of 50, an 
amount sold of 10, and an amount returned of 2. Then use these 
values to desk-check the algorithm. Correct the algorithm, and then 
desk-check it again. 


Input Processing Output 

beginning inventcry Processing items: none ending LiA.vei4.tory 

amount sold 
amount returned 

Algorithm.: 

1. enter the beginning LiA.ven.tory, 
amount sold, and amount returned 

2 . calculate the ending inventory by 
adding the amount sold to the beginning 
inventory and then subtracting the 
amount r&turvi&d -from the result 

3. display the ending inventory 


Figure 2-44 










Exercises 


Answers to TRY THIS Exercises 

1. See Figures 2-45 and 2-46. 


Input 

Processing 

Output 

set Lei 

Processing items: 

C-Om.kVLlsSL.OlA, 

sale 2 

total sales 


commission rate 




Algorithm.: 



v 


total sales = salel + sale2 


' r 


commission = total sales * 
commission rate 





49 


Figure 2-45 


salei 

sale 2 

commission rate 

c-ommlssLOiA, 

1000 

2000 



3000 

2500 

.Ob 

330 


Figure 2-46 
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2. See Figures 2-47 and 2-48. 


Input 

Processing Output 

cu.p 'price. 

Processing items: total cost 

plate price 

total cup cost 

cups purchased 

total plate cost 

plates purchased 

subtotal 

sales tare rate 

Algorithm.: 

1. enter the cup price, plate price, cups purchased, 
plates purchased, and sales tax rate 

2 . calculate the total cup cost by multiplying the cups 
purchased by the cup price 

3. calculate the total plate cost by multiplying the 
plates purchased by the plate price 

4. calculate the subtotal by adding together the total 
cup cost and total plate cost 

5. calculate the total cost by multiplying the subtotal 


by the sales tax rate and then adding the result 
to the subtotal 


b. display the total cost 



Figure 2-47 


cup price 

plate price 

cups purchased 

plates purchased 

sales tax rate 

.50 

4 

35 

35 

.02 

.25 

.7-5 

20 

10 

.Ob 


total cup &ost total plate cost subtotal total cost 
1 J-.50 35 5-2.50 53.55 

5 J-.50 12.50 13.25" 


Figure 2-48 
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Variables and Constants 



After studying Chapter 3, you should be able to: 

® Distinguish among a variable, named constant, and literal constant 
® Explain how data is stored in memory 

® Select an appropriate name, data type, and initial value for a memory 
location 

® Declare a memory location in C++ 
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Beginning Step 4 in the Problem-Solving Process 

Chapter 2 covered the first three steps in the problem-solving process, which 
were to analyze the problem, plan the algorithm, and then desk-check the 
algorithm. When the programmer is satisfied that the algorithm is correct, he 
or she moves on to the fourth step, which is to code the algorithm into a pro¬ 
gram. Coding the algorithm refers to the process of translating the algorithm 
into a language that the computer can understand; in this book, you will use 
the C++ programming language. Programmers use the information in the 
IPO chart as a guide when coding the algorithm. The programmer begins by 
assigning a descriptive name to each unique input, processing, and output 
item. The programmer also assigns each item a data type and (optionally) an 
initial value. The name, data type, and initial value are used to store the input, 
processing, and output items in the computer’s internal memory while the 
program is running. 

Internal Memory 

Inside every computer is a component called internal memory. The internal 
memory of a computer is composed of memory locations, with each mem¬ 
ory location having a unique numeric address. It may be helpful to picture 
memory locations as storage bins, similar to the ones illustrated in Figure 3-1. 
However, unlike the storage bins shown in the figure, each storage bin (mem¬ 
ory location) inside a computer can hold only one item at a time. The item 
can be a number, such as 5 or 45.89. It also can be text, which is a group of 
characters treated as one unit and not used in a calculation. Examples of text 
include a name, an address, or a phone number. The item also can be a C++ 
program instruction. Some of the memory locations inside the computer are 
automatically filled with data while you use your computer. For example, when 
you enter the number 5 at your keyboard, the computer saves the number 5 in 
a memory location for you. Likewise, when you start an application, each pro¬ 
gram instruction is placed in a memory location, where it awaits processing. 



Figure 3-1 Illustration of storage bins 






















































Selecting a Name for a Memory Location 


A programmer can reserve memory locations for use in a program. As 
mentioned earlier, the memory locations will store the values of the input, 
processing, and output items as the program is running. Reserving a memory 
location also is referred to as declaring the memory location. You declare a 
memory location using a C++ instruction that assigns a name, data type, and 
(optionally) an initial value to the location. The name allows the programmer to 
refer to the memory location using one or more descriptive words, rather than 
a cryptic numeric address, in code. The data type indicates the type of data—for 
example, numeric or textual—the memory location will store. There are two 
types of memory locations that a programmer can reserve: variables and named 
constants. A variable is a memory location whose value can change (vary) dur¬ 
ing runtime, which is when a program is running. Most of the memory locations 
declared in a program are variables. A named constant, on the other hand, is a 
memory location whose value cannot be changed during runtime. In a program 
that inputs the radius of any circle and then calculates and outputs the circle’s 
area, a programmer would declare variables to store the values of the radius 
and area; doing this allows those values to vary while the program is running. 
However, he or she would declare a named constant to store the value of pi ( tt ), 
which is used in the formula for calculating the area of a circle. A named con¬ 
stant is appropriate in this case because the value of pi will always be the same. 



The formula for 
calculating the 
^ area of a circle is 
nr 2 . The value of 
pi (rr) rounded to 
six decimal places is 
3.141593. 


Selecting a Name for a Memory Location 

Every memory location that a programmer declares must be assigned a 
name. The name, also called the identifier, should be descriptive in that it 
should help you remember the memory location’s purpose. In other words, 
it should describe the contents of the memory location. A good name for a 
memory location is one that is meaningful right after you finish a program 
and also months or years later when you (or perhaps a coworker) need to 
modify the program. Besides being descriptive, the name must follow several 
specific rules in C++. The name must begin with a letter and contain only let¬ 
ters, numbers, and the underscore character. No punctuation marks, spaces, 
or other special characters (such as $ or %) are allowed in the name. In addi¬ 
tion, the name cannot be a keyword, which is a word that has a special mean¬ 
ing in the programming language you are using. Keywords also are referred 
to as reserved words. Appendix B in this book contains a listing of the C++ 
keywords. Finally, memory location names are case sensitive in C++. This 
means that, in addition to using the exact spelling when referring to a specific 
memory location in a program, you also must use the exact case. In other 
words, if you declare a memory location named di scount at the beginning 
of a program, you must use the name di scount, rather than Di scount or 
DISCOUNT, to refer to the memory location throughout the program. 

Many C++ programmers use uppercase letters when naming named 
constants and use lowercase letters when naming variables. This practice 
allows them to easily distinguish between the named constants and variables 
in a program. If a named constant’s name contains more than one word, an 
underscore character can be used to separate the words, like this: TAX_RATE. 
However, if a variable’s name contains two or more words, most C++ pro¬ 
grammers enter the name using camel case, which means they capitalize 
the first letter in the second and subsequent words in the name, like this: 
gross Pay. Camel case refers to the fact that the uppercase letters appear 
as “humps” in the name because they are taller than the lowercase letters. 


Refer to the Tip 
that appears next 
s to Figure 3-2 for 
an exception to 
beginning a 

memory location's name 
with a letter. 

All C++ 
keywords are 
^ entered using 
lowercase 
letters. 
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The rules for naming memory locations in C++ are shown in Figure 3-2, 
along with examples of valid and invalid names. 



Technically, a 
memory loca- 
s tion’s name in 
C++ can begin 
with an under¬ 
score. However, this 
usually is done only for 
the names of memory 
locations declared within 
a class. 



HOW TO Name a Memory Location in C++ 


1. The name must begin with a letter. 

2. The name can contain only letters, numbers, and the underscore 
character. No punctuation marks, spaces, or other special characters are 
allowed in the name. 

3. The name cannot be a keyword. Appendix B contains a listing of 
keywords in C++. 

4. Names in C++ are case sensitive. 


Valid names 

grossPay, i nterest, TAX_RATE, PI 


Invalid names 

Reason 

2011Sales 

the name 

end Balance 

the name 

first.name 

the name 

int 

the name 

RATE% 

the name 


must begin with a letter 
cannot contain a space 
cannot contain punctuation 
cannot be a keyword 
cannot contain a special character 


Figure 3-2 How to name a memory location in C++ 

Revisiting the Treyson Mobley Problem 

In Chapter 2, you analyzed a problem specification involving Treyson Mobley 
and a waiter’s tip. You then planned and desk-checked an appropriate algorithm. 
The problem specification is shown in Figure 3-3, along with one of the IPO 
charts and desk-check tables you created. 


Problem specification 

Treyson Mobley wants a program that calculates and displays the amount he 
should tip a waiter at a restaurant. The program should subtract any liquor charge 
from the total bill and then calculate the tip (using a percentage) on the remainder. 


Input 

total bill 
liquor charge 
tip percentage 


Processing Output 

Processing Items: tip 

total bill without liquor charge 

Algorithm.: 

1. enter the total bill, liquor charge, and tip percentage 

2 . calculate the total bill without liquor charge by 
subtracting the liquor charge from, the total bill 

3. calculate the tip by multiply Ing the total bill 
without liquor charge by the tip percentage 

4 . display the tip 


total bill liquor charge tip percentage total bill without liquor charge tip 
4A tS 35 a 

30 0 .15 30 -1.50 


Figure 3-3 Problem specification, IPO chart, and desk-check table from Chapter 2 
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The IPO chart in Figure 3-3 contains a total of five input, processing, and 
output items. Therefore, five memory locations will be needed to store 
the values of the items. The memory locations will be variables, because 
each item’s value should be allowed to vary during runtime. Figure 3-4 lists 
possible names (identifiers) for the variables. 



IPO chart item 

Variable name 

total bill 

total Bill 

liquor charge 

liquor 

tip -percentage 

tipPercent 

total bill without liquor charge 

totalNoLiquor 

tip 

tip 


Figure 3-4 Names of the variables for the Treyson Mobley problem 


The answers to 

Mini-Quiz 3-1 Mini-Quiz ques- 

m tions are located 

1. How many items can a memory location store at a time? in Appendix A. 

2. Which of the following should be used in a C++ program to refer to 
the quantity variable? 

a. quantity 

b. QUANTITY 

c. Quantity 

d. All of the above. 

3. Which of the following is a valid name for a memory location? 

a. jan.Sales 

b. 2ndQuarterIncome 

c. COMMISSION_RATE 

d. march$ 

4. What are the two types of memory locations that a programmer can 
reserve? 


Selecting a Data Type for a Memory Location 

Like storage bins, memory locations come in different types and sizes. The 
type and size you use depends on the item you want the memory location to 
store. Some memory locations can store a number, while others can hold text, 
a date, or a Boolean value (true or false). The item that a memory location will 
accept for storage is determined by the location’s data type, which the pro¬ 
grammer assigns to the location when he or she declares it in a program. The 
most commonly used data types in C++ are listed in Figure 3-5, along with the 
values each type can store and the amount of memory needed to store a value. 
Except for the st ri ng data type, the data types listed in the figure belong to a 
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The memory 
requirements and 
s values shown in 
Figure 3-5 are 
implementation 
dependent. The memory 
requirements listed in the 
figure are typical for 
personal computers. 


group of data types called fundamental data types. The fundamental data types 
are the basic data types built into the C++ language and often are referred to as 
primitive data types or built-in data types. The stri ng data type, on the other 
hand, was added to the C++ language through the use of a class and is referred 
to as a user-defined data type. A class is simply a group of instructions that the 
computer uses to create an object. In this case, the stri ng class (user-defined 
data type) creates a stri ng variable, which is considered an object. You will 
learn more about classes and objects in Chapters 12 through 14. 



Figure 3-5 Most commonly used data types in C++ 


A Some program¬ 
mers pronounce 
s char as “care” 
because it 
is short for 

character, while others 
pronounce char as in 
the first syllable of the 
word charcoal. 


As Figure 3-5 indicates, bool memory locations can store either the Boolean 
value true or the Boolean value fal se. The Boolean values are named in 
honor of the English mathematician George Boole (1815-1864), who invented 
Boolean algebra. You could use a bool variable in a program to keep track of 
whether a customer’s bill is paid (true) or not paid (fal se). Memory loca¬ 
tions assigned the char data type can store one character only, while stri ng 
memory locations can store zero or more characters. A character is a letter, a 
symbol, or a number that will not be used in a calculation. Memory locations 
assigned either the short or i nt data type can store integers only. An integer 
is a whole number, which is a number that does not contain a decimal place. 
Examples of integers include the numbers 0, 45, and -678. The differences 
between the short and i nt data types are in the range of numbers each type 
can store and the amount of memory needed to store the number. Memory 
locations assigned either the float or doubl e data type can store real num¬ 
bers, which are numbers that contain a decimal place. Examples of real num¬ 
bers include the numbers 75.67, -3.45, and 783.5689. The differences between 
the float and doubl e data types are in the range of numbers each type can 
store, the precision with which the number is stored, and the amount of 
memory needed to store the number. In most of the programs you create in 
this book, you will use the i nt data type for memory locations that will store 
integers and use the doubl e data type for memory locations that will store 
numbers with a decimal place. The doubl e data type was chosen over the 
float data type because it stores real numbers more precisely, using 15 digits 
of precision rather than only 7 digits. At this point, however, it is important to 
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caution you about real numbers. Even with 15 digits of precision, not all real 
numbers can be represented exactly within the computer’s internal memory. 
As a result, some calculations may not result in accuracy to the penny. You 
will learn more about using real numbers in calculations in Chapter 4. Fig¬ 
ure 3-6 shows the data type selected for each variable in the Treyson Mobley 
problem. The doubl e data type was selected because it allows each variable 
to store a real number with the greatest precision. 



IPO chart item 

Variable name 

Data type 

total bill 

totalBi11 

double 

liquor charge 

liquor 

double 

tip percentage 

tipPercent 

double 

total bill without Liquor charge 

totalNoLiquor 

double 

tip 

tip 

double 


Figure 3-6 Data type assigned to each variable for the Treyson Mobley problem 

How Data Is Stored in Internal Memory 

Knowing how data is stored in the computer’s internal memory will help you 
understand the importance of a memory location’s data type. Numbers are rep¬ 
resented in internal memory using the binary (or base 2) number system. The 
binary number system uses only the two digits 0 and 1. Although the binary 
number system may not be as familiar to you as the decimal number system, 
which uses the ten digits 0 through 9, it is just as easy to understand. First, 
well review the decimal (or base 10) number system that you learned about in 
elementary school. Figure 3-7 illustrates how the system works. As the figure 
indicates, the position of each digit in the decimal number system is associ¬ 
ated with the system’s base number, 10, raised to a power. Starting with the 
rightmost position, the positions represent the number 10 raised to a power of 
0,1, 2, 3, and so on. In the decimal number 110, the 0 is in the 10° position, the 
middle 1 is in the 10 1 position, and the leftmost 1 is in the 10 2 position. Keep in 
mind that, in all numbering systems, the result of raising the base number to 
the 0 th power is 1, and the result of raising it to the 1 st power is the base number 
itself. A base number raised to the 2 nd power indicates that the base number 
should be squared—in other words, multiplied by itself. As a result, the deci¬ 
mal number 110 means zero Is (10°), one 10 (10 1 ), and one 100 (10 2 ). The deci¬ 
mal number 3475 means five Is (10°), seven 10s (10 1 ), four 100s (10 2 ), and three 
1000s (10 3 ), and the decimal number 21509 means nine Is (10°), zero 10s (10 1 ), 
five 100s (10 2 ), one 1000 (10 3 ), and two 10000s (10 4 ). 



HOW TO Use the Decimal (Base 10) Number System 


Decimal 

number 

110 

3475 

21509 


10 7 10 6 10 5 10 4 10 3 10 2 

1 

3 4 

2 1 5 


10 1 10 ° 

1 0 

7 5 

0 9 


Figure 3-7 How to use the decimal (base 10) number system 
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Compare the decimal number system illustrated in Figure 3-7 with the 
binary number system illustrated in Figure 3-8. Like the decimal num¬ 
ber system, the position of each digit in the binary number system also is 
associated with the system’s base number raised to a power. However, in the 
binary number system, the base number is 2 rather than 10. Starting with the 
rightmost position, the positions represent 2 raised to a power of 0, 1, 2, 3, 
and so on. In the binary number 110, the 0 is in the 2° position, the middle 
1 is in the 2 1 position, and the leftmost 1 is in the 2 2 position. Therefore, the 
binary number 110 means zero Is (2°), one 2 (2 1 ), and one 4 (2 2 ). The deci¬ 
mal equivalent of the binary number 110 is 6, which is calculated by adding 
together 0 + 2 + 4 (zero Is + one 2 + one 4). In other words, the decimal 
number 6 is stored in a memory location using the binary number 110. The 
binary number 11010 means zero Is (2°), one 2 (2 1 ), zero 4s (2 2 ), one 8 (2 3 ), 
and one 16 (2 4 ). The decimal equivalent of the binary number 11010 is 26, 
which is calculated by adding together 0 + 2 + 0 + 8 + 16. The decimal equiv¬ 
alent of the last binary number shown in Figure 3-8 is 9 (one 1 + zero 2s + 
zero 4s + one 8). 


HOW TO Use the Binary (Base 2) Number System 


Binary 

number 2 7 2 6 

110 

11010 

1001 


25 2 4 2 3 2 2 

1 

1 1 0 

1 0 


Decimal 

2 1 2° equivalent 

1 0 6 

1 0 26 

0 1 9 


Figure 3-8 How to use the binary (base 2) number system 


Unlike numeric data, character data (which is data assigned to memory 
locations that can store characters) is represented in internal memory using 
ASCII codes. ASCII (pronounced ASK-ee) stands for American Standard 
Code for Information Interchange. The ASCII coding scheme assigns a 
specific code to each character on your keyboard. Figure 3-9 shows a partial 
listing of the ASCII codes along with their binary representations. The full 
ASCII chart is contained in Appendix C in this book. As Figure 3-9 indicates, 
the uppercase letter A is assigned the ASCII code 65, which is stored in 
internal memory using the eight bits (“binary digits”) 01000001 (one 64 and 
one 1). Notice that the lowercase version of each letter is assigned a different 
ASCII code than the letter’s uppercase version. The lowercase letter a, for 
example, is assigned the ASCII code 97, which is stored in internal memory 
using the eight bits 01100001. This fact indicates that the computer does not 
consider both cases of a letter to be equivalent. In other words, the uppercase 
letter A is not the same as the lowercase letter a. This concept will become 
important when you compare characters in later chapters. 
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Character 

ASCII 

Binary 

Character 

ASCII 

Binary 

Character 

ASCII 

Binary 

0 

48 

00110000 

K 

75 

01001011 

g 

103 

01100111 

1 

49 

00110001 

L 

76 

01001100 

h 

104 

01101000 

2 

50 

00110010 

M 

77 

01001101 

i 

105 

01101001 

3 

51 

00110011 

N 

78 

01001110 

j 

106 

01101010 

4 

52 

00110100 

0 

79 

01001111 

k 

107 

01101011 

5 

53 

00110101 

P 

80 

01010000 

1 

108 

01101100 

6 

54 

00110110 

Q 

81 

01010001 

m 

109 

01101101 

7 

55 

00110111 

R 

82 

01010010 

n 

110 

01101110 

8 

56 

00111000 

S 

83 

01010011 

0 

111 

01101111 

9 

57 

00111001 

T 

84 

01010100 

P 

112 

01110000 


58 

00111010 

U 

85 

01010101 

q 

113 

01110001 


59 

00111011 

V 

86 

01010110 

r 

114 

01110010 

A 

65 

01000001 

W 

87 

01010111 

s 

115 

01110011 

B 

66 

01000010 

X 

88 

01011000 

t 

116 

01110100 

C 

67 

01000011 

Y 

89 

01011001 

u 

117 

01110101 

D 

68 

01000100 

Z 

90 

01011010 

V 

118 

01110110 

E 

69 

01000101 

a 

97 

01100001 

w 

119 

01110111 

F 

70 

01000110 

b 

98 

01100010 

X 

120 

01111000 

G 

71 

01000111 

c 

99 

01100011 

y 

121 

01111001 

H 

72 

01001000 

d 

100 

01100100 

z 

122 

01111010 

1 

73 

01001001 

e 

101 

01100101 




J 

74 

01001010 

f 

102 

01100110 






Figure 3-9 Partial ASCII chart 


At this point, you may be wondering why the numeric characters on your 
keyboard are assigned ASCII codes. For example, shouldn’t a 9 be stored 
using the binary number system, as you learned earlier? The answer is that 
the computer uses the binary number system to store the number 9, but 
it uses the ASCII coding scheme to store the character 9. But how does 
the computer know whether the 9 is a number or a character? The answer 
to this question is simple: by the memory location’s data type. Consider 
a program that displays the message “Enter your pet’s age:” on the com¬ 
puter screen. The program stores your response in a variable named age. 
When you press the 9 key on your keyboard in response to the message, 
the computer uses the data type of the age variable to determine whether 
to store the 9 as a number (using the binary number system) or as a char¬ 
acter (using the ASCII coding scheme). If the variable’s data type is i nt, 
the 9 is stored as the binary number 1001 (one 1 + one 8). If the variable’s 
data type is char, on the other hand, the 9 is stored as a character using 
the ASCII code 57, which is represented in internal memory as 00111001 
(one 1 + one 8 + one 16 + one 32). The memory location’s data type also 
determines how the computer interprets a memory location’s existing data. 
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If a program instruction needs to access the value stored in a memory loca¬ 
tion—perhaps to display the value on the screen—the computer uses the 
memory location’s data type to determine the value’s data type. To illustrate 
this point, assume that a memory location named i nputltem contains 
the eight bits 01000001. If the memory location’s data type is char, the 
computer displays the uppercase letter A on the screen. This is because the 
computer interprets the 01000001 as the ASCII code 65, which is equiva¬ 
lent to the uppercase letter A. However, if the memory location’s data type 
is i nt, the computer displays the number 65 on the screen, because the 
01000001 is interpreted as the binary representation of the decimal number 
65. In summary, the data type of a memory location is important because 
it determines how the data is stored when first entered into the memory 
location. It also determines how the data is interpreted when the memory 
location is used in an instruction later in the program. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 

a. True 

b. False 

2. In the binary number system, the decimal number 32 is represented 
as_. 

a. 10000 

b. 10001 

c. 100000 

d. none of the above 


Mini-Quiz 3-2 

1. The stri ng data type is one of the fundamental data types in C++. 


3. What is the ASCII code for the lowercase letter b, and how is it 
represented in the computer’s internal memory? 

4. Which data type can store a real number? 

a. double 

b. i nt 

c. float 

d. both a and c 


Selecting an Initial Value for a Memory Location 

In addition to assigning a name and data type to each variable and named 
constant used in a program, you also should assign an initial value to each. 
Assigning an initial (or beginning) value to a memory location is referred 
to as initializing. With the exception of a bool memory location, which is 
initialized using either the C++ keyword true or the C++ keyword fal se, 











Selecting an Initial Value for a Memory Location 


you typically initialize a memory location by assigning a literal constant to 
it. Unlike variables and named constants, literal constants are not memory 
locations. Rather, a literal constant is an item of data that can appear in a 
program instruction and be stored in a memory location. The data type of 
the literal constant should match the data type of the memory location to 
which it is assigned. Integers should be assigned to memory locations having 
the short or i nt data type. Memory locations having the float or doubl e 
data type should be initialized using real numbers. Integers and real numbers 
are called numeric literal constants; examples include the numbers 146,0.0, 
and -2.5. Numeric literal constants can contain numbers, the plus sign, the 
minus sign, and the decimal point. They cannot contain a space, a comma, or 
a special character, such as the dollar sign ($) or percent sign (%). A numeric 
literal constant with no decimal place is considered an i nt data type in 
C++, whereas a numeric literal constant with a decimal place is considered a 
doubl e data type. Programmers use character literal constants to initialize 
char memory locations. A character literal constant is one character enclosed 
in single quotation marks, such as the letter ‘XJ the dollar sign '$) and a space 
(two single quotation marks with a space character between). A stri ng 
memory location is initialized using a string literal constant, which is zero or 
more characters enclosed in double quotation marks. The word “Hello”, the 
message “Enter your pet’s age:”, and the empty string (two double quotation 
marks with no space between) are examples of string literal constants. 


A numeric literal 
constant also can 
s contain either the 
letter e or the 
letter E. The 
letters represent 
exponential notation, 
often referred to as e 
notation. Scientific 
programs use e notation 
to represent very small 
and very large numbers. 


When a program instructs the computer to assign a value to a memory 
location, the computer first compares the value’s data type with the memory 
location’s data type. The comparison is made to verify that the value is 
appropriate for the memory location. If the value’s data type does not match 
the memory location’s data type, the computer uses a process called implicit 
type conversion to convert the value to fit the memory location. For example, 
if a program initializes a doubl e variable named pri ce to the integer 9, the 
computer converts the integer to a real number before storing the value in 
the variable. The computer does this by appending a decimal point and the 
number 0 to the end of the integer, like this: 9.0. The computer then stores 
the real number 9.0 in the pri ce variable. When a value is converted from 
one data type to another data type that can store larger numbers, the value is 
said to be promoted. In this case, the i nt value 9 is promoted to the doubl e 
value 9.0. (As shown earlier in Figure 3-5, the doubl e data type can store 
larger numbers than can the i nt data type.) In most cases, the implicit 
promotion of values does not adversely affect a program’s output. How¬ 
ever, now consider a program that declares an i nt named constant called 
MIN_WAGE. If you use a real number (such as 7.25) to initialize the named 
constant, the computer converts the real number to an integer before stor¬ 
ing the value in the memory location. The computer does this by truncating 
(dropping off) the decimal portion of the number. In this case, the computer 
converts the real number 7.25 to the integer 7. As a result, the number 7 
rather than the number 7.25 is assigned to the MIN_WAGE named constant. 
When a value is converted from one data type to another data type that can 
store only smaller numbers, the value is said to be demoted. In this case, the 
doubl e value 7.25 is demoted to the i nt value 7. The implicit demotion of 
values can adversely affect a program’s output. Therefore, it’s important to 
initialize memory locations using values that have the same data type as the 
memory location. 


Although initial¬ 
izing variables is 
^ optional in most 
programming 
languages, 
including C++, it is 
considered a good 
programming practice 
to do so and is highly 
recommended. 


Recall that a 
numeric literal 
s constant with a 
decimal place is 
treated as a 
doubl e number. 
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If a memory location is a named constant, the problem specification and 
IPO chart will provide the appropriate initial value to use, and that value 
will remain the same during runtime. (Recall that the contents of a named 
constant cannot change while the program is running.) The initial value for 
a variable, on the other hand, is not stated in a problem description or IPO 
chart, because the user supplies the value while the program is running. As 
a result, short and i nt variables generally are initialized to the integer 0, 
while float and doubl e variables are assigned the real number 0.0. Variables 
declared using the string data type usually are initialized to the empty 
string (“”), and char variables are initialized to a space (‘ ’)• As mentioned 
earlier, the C++ keywords true and fal se are used to initialize bool vari¬ 
ables. Figure 3-10 shows the initial values for the variables in the Treyson 
Mobley problem. 


IPO chart item 

Variable name 

Data type 

Initial value 

total bill 

totalBi11 

double 

0.0 

liquor charge 

1iquor 

double 

0.0 

tip percentage 

tipPercent 

double 

0.0 

total bill without liquor charge 

totalNoLiquor 

double 

0.0 

tip 

tip 

double 

0.0 


Figure 3-10 Initial values for the variables in the Treyson Mobley problem 


Using the 
storage bin 

= analogy from the 
beginning of the 
chapter, initial¬ 
izing a variable is similar 
to removing any junk (or 
garbage) from a bin 
before using it. 


Declaring a Memory Location 

Now that you know how to select an appropriate name, data type, and ini¬ 
tial value for a memory location, you can learn how to declare variables and 
named constants in a C++ program. We’ll begin with variables. You declare 
a variable using a statement, which is a C++ instruction that causes the 
computer to perform some action after being executed (processed) by the 
computer. A statement that declares a variable, for example, causes the com¬ 
puter to set aside a memory location with the name, data type, and initial 
value you provide. A variable declaration statement is one of many different 
types of statements in C++. The syntax and examples of a variable declara¬ 
tion statement are shown in Figure 3-11. The term syntax refers to the rules 
of a programming language. One rule in C++ is that all statements must end 
with a semicolon; the syntax and examples in Figure 3-11 follow this rule. 
Another rule is that the programmer must provide a data type and name for 
the variable being declared. He or she also can provide an initial value for 
the variable. Items that the programmer provides are italicized in a state¬ 
ment’s syntax, as shown in Figure 3-11. Items appearing in square brackets 
in a syntax—in this case, the = symbol and initialValue —are optional. In 
other words, the C++ language does not require variables to be initialized. 
However, initializing variables is highly recommended. If you do not provide 
an initial value, the variable may contain a meaningless value. Programmers 
refer to the meaningless value as garbage, because it is the remains of what 
was last stored in the memory location that the variable now occupies. Items 
in boldface in a syntax are required. In a variable declaration statement, the 
semicolon is required; the = symbol is required only when the programmer is 
providing an initial value for the variable. 
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HOW TO Declare a Variable in C++ 

Syntax 

dataType variableName [= initialValue]; 

63 


Figure 3-11 How to declare a variable in C++ 


Examples 
int age = 0; 
double price = 0.0; 
bool paid = false; 
char grade = ' ' ; 
string company = 


After a variable is declared, you then can use its name to refer to it later in 
the program, such as in a statement that displays the variable’s value or uses 
the value in a calculation. You will learn how to write such statements in 
Chapter 4. Figure 3-12 shows the declaration statements you would use to 
declare the five variables in the Treyson Mobley problem. 





Initial 


IPO chart item 

Variable name 

Data type 

value 

C++ statement 

total bill 

total Bill 

double 

0.0 

double total Bill = 0.0; 

liquor charge 

1iquor 

double 

0.0 

double liquor = 0.0; 

tip percentage 

tipPercent 

double 

0.0 

double tipPercent = 0.0; 

total bill without 





liquor charge 

totalNoLiquor 

double 

0.0 

double totalNoLiquor = 0.0; 

tip 

tip 

double 

0.0 

double tip = 0.0; 


Figure 3-12 C++ declaration statements for the variables in the Treyson Mobley problem 

Figure 3-13 shows the syntax and examples of a statement that declares a 
named constant. Recall that italicized items in a syntax indicate informa¬ 
tion that the programmer must supply. In a named constant declaration 
statement, the programmer must supply the constant’s data type, name, and 
initial value. Items in boldface in a syntax—in this case, the keyword const, 
the = symbol, and the semicolon—are required. The const keyword indi¬ 
cates that the memory location being declared is a named constant, which 
means its value cannot be changed during runtime. If a program statement 
attempts to change the value stored in a named constant, the C++ compiler 
will display an error message. As you learned in Chapter 1, a compiler con¬ 
verts the instructions written in a high-level language (such as C++) into the 
Os and Is the computer can understand. 
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HOW TO Declare a Named Constant in C++ 

Syntax 

const dataType constantName = value; 

Examples 

const double PI = 3.141593; 
const int MIN_AGE = 65; 
const bool INSURED = true; 
const char YES = 'Y'; 

const string BANK = "Harrison Trust and Savings"; 


Figure 3-13 How to declare a named constant in C++ 

As you can with variables, you can use a named constant in another state¬ 
ment that appears after its declaration statement. For example, after entering 
the const double PI = 3.141593 ; statement in a program,you can use 
PI in a statement that calculates the area of a circle; the computer will use the 
value stored in the named constant (3.141593) to calculate the area. Using 
named constants in a program has several advantages. First, named constants 
make a program more self-documenting and easier to modify, because they 
allow the use of meaningful words in place of values that are less clear. The 
named constant PI, for example, is much more meaningful than the num¬ 
ber 3.141593, which is the value of pi rounded to six decimal places. Second, 
unlike the value stored in a variable, the value stored in a named constant 
cannot be inadvertently changed during runtime. Third, typing PI rather 
than 3.141593 in a statement is easier and less prone to typing errors. If you 
do mistype PI in the area calculation statement—for example, if you type Pi 
rather than PI —the C++ compiler will display an error message. Mistyping 
3.141593 in the area calculation statement, however, will not trigger an error 
message and will result in an incorrect answer. Finally, if a named constant’s 
value needs to be changed in the future, you will need to modify only the 
declaration statement, rather than all of the statements that use the value. 


The answers to 

Mini-Quiz ques- Mini-Quiz 3-3 

^ tions are located 

in Appendix A. 1. Which of the following is a character literal constant? 

a. ‘56’ 

b. '%’ 

c. “a” 

d. both a and b 

2. Which of the following is a string literal constant? 

a. “$” 

b. “Good Morning!” 

c. 


d. all of the above 
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3. If you assign the number 10.25 to an i nt variable, what will the com¬ 
puter store in the variable? 

4. Write a C++ statement that declares and initializes an i nt variable 
named population. 

5. Write a C++ statement that declares the MAX_PAY named constant. 
The constant should have the doubl e data type and contain the 
number 25.55. 




AB 3-1 Stop and Analyze 


Study the problem specification, IPO chart, and desk-check table 
shown in Figure 3-14 and then answer the questions. 


The answers to 
the labs are 
located in 
Appendix A. 


Problem specification 


Aiden Nelinski is paid every Friday. He is scheduled to receive anywhere from a 
2% to 4.5% raise next week. He wants a program that calculates and displays 

the amount of his new weekly pay. 


Input 

Processing 

Output 

current weekly pay 

Processing Items: none 

iA.ew weekly pay 

raise -percentage 

Algorithm: 

1. enter the current weekly pay and 
raise percentage 

2 . calculate the new weekly pay by 



multiplying the current weekly pay 
by the raise percentage and then 
adding the result to the current 
weekly pay 



3. display the is-ew weekly pay 


current weekly pay 

raise pereewtage new weekly pay 


.©2 

2,0 & 

500 

.025 

512.50 


Figure 3-14 Problem specification, IPO chart, and desk-check table for Lab 3-1 


QUESTIONS 

1. How many memory locations will the Aiden Nelinski problem 
require? 

2. How many of the memory locations will be variables, and how 
many will be named constants? Why did you choose one type over 
the other? 

. If the input and output items are real numbers, which data types 
could be assigned to the memory locations that store these items? 
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4. How would you write the appropriate declaration statements? Use 
the doubl e data type and the names currentPay, rai seRate, 
and newPay. 

5. If the raise percentage was always 2%, how would you declare the 
memory location that will store it? Use the doubl e data type and the 
name RAISE_RATE. 



AB 3-2 Plan and Create 


In this lab, you will plan and create an algorithm that displays the 
area of a circle. The problem specification is shown in Figure 3-15. 


Professor Chang wants a program that calculates and displays the area of a 
circle, given the circle’s radius. The formula for calculating the area of a circle 
is nr 2 , where n and r represent pi and the radius, respectively. The professor 
wants to use the value of pi rounded to two decimal places, which is 3.14. 


Figure 3-15 Problem specification for Lab 3-2 

First, analyze the problem, looking for the output first and then for the input. 
Recall that the output answers the question What does the user want to see 
displayed on the screen, printed on paper, or stored in a file?, and the input 
answers the question What information will the computer need to know to 
display, print, or store the output items? In this case, the user wants to see 
the circle’s area displayed on the screen. To do this, the computer will need 
to know the circle’s radius and the value of pi. The radius will be entered by 
the user, whereas the problem specification indicates that the value to use 
for pi is 3.14. Figure 3-16 shows the input and output items entered in an 
IPO chart. 


Input 

Processing 

Output 

radius 

Processing items: 

area 

pi (3.14) 

Algorithm.: 



Figure 3-16 Partially completed IPO chart showing the input and output items 


After determining a problem’s output and input, you then plan its algo¬ 
rithm. Recall that most algorithms begin with an instruction to enter the 
input items into the computer, followed by instructions that process the 
input items, typically including the items in one or more calculations. Most 
algorithms end with one or more instructions that display, print, or store 
the output items. Figure 3-17 shows the completed IPO chart for the circle 
area problem. 
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Input 

Processing 

Output 

radius. 

Processing items: none 

area 

pi ( 3 . 14 ) 

Algorithm: 

1 . enter the radius 



2 . calculate the area by multiplying the radius 
by itself and then m.u.ltiply ing the result by pi 

3 . display tbe area 




Figure 3-17 Completed IPO chart for Lab 3-2 

After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You begin by 
choosing a set of sample data for the input values. You then use the values to 
manually compute the expected output. You will desk-check the current algo¬ 
rithm twice: first using 4 as the radius and then using 5.5. For the first desk- 
check, the area should be 50.24. For the second desk-check, the area should be 
94.985. The manual calculations for both desk-checks are shown in Figure 3-18. 


First desk-check 

Second desk-check 

4 (radius) 

5.5 

(radius) 

* 4 (radius) 

* 5.5 

(radius) 

* 3.14 (pi) 

* 3.14 

(pi) 

50.24 (area) 

94.985 

(area) 


Figure 3-18 Manual area calculation for the two desk-checks 

Next, you create a desk-check table that contains one column for each input, 
processing, and output item. You then begin desk-checking the algorithm. 
Figure 3-19 shows the completed desk-check table. Notice that the amounts 
in the area column agree with the results of the manual calculations shown in 
Figure 3-18. 


radius 

pi 

area 

+ 

34r-+ 

50 .24 

5.5 

3.14 

J4 -J85 


Figure 3-19 Completed desk-check table for Lab 3-2 

After desk-checking an algorithm to ensure that it works correctly, you can 
begin coding it. You begin by declaring memory locations that will store the 
values of the input, processing (if any), and output items. The circle area prob¬ 
lem will need three memory locations to store the values of the radius, pi, and 
area. The radius and area values should be stored in variables, because the user 
should be allowed to change the radius value, which then will change the area 
value, while the program is running. The value of pi, however, will be stored in 
a named constant, because its value should not change during runtime. The 
variables and named constant will store real numbers, so you will use the dou¬ 
ble data type for each one. Figure 3-20 shows the input, processing, and out¬ 
put items from the IPO chart, along with the corresponding C++ statements. 
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IPO chart information 

C++ instructions 

Input 


radius. 

double radius = 0.0; 

pi ( 3 . 14 ) 

const double PI = 3.14; 

Processing 


no vie 


Output 


area 

double area = 0.0; 


Figure 3-20 IPO chart information and C++ instructions for Lab 3-2 



.AB 3-3 Modify 


Modify the IPO chart shown earlier in Figure 3-17 so that it 
includes the radius squared as a processing item. Then make the 
appropriate modifications to Figure 3-20. 



.AB 3-4 Desk-Check 


Using the IPO chart modified in Lab 3-3, make the appropriate 
modifications to the manual calculations and desk-check table 
shown earlier in Figures 3-18 and 3-19. 



AB 3-5 Debug 


Correct the C++ instructions shown in Figure 3-21. The memory 
locations will store real numbers. 


IPO chart information 

C++ instructions 

Input 

-first viu.VA.lo er 

first = 0.0; 

second number 

second = 0.0; 

third iA.K_m.ber 

third = 0.0; 

Processing 

sum 

sum = 0.0 

Output 

average 

average = 0.0; 


Figure 3-21 IPO chart information and C++ instructions for Lab 3-5 
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Summary 

• The fourth step in the problem-solving process is to code the algorithm, 
which means to translate it into a language that the computer can 
understand. You begin by declaring a memory location for each unique 
input, processing, and output item listed in the IPO chart. The memory 
locations will store the values of those items while the program is running. 

• Numeric data is stored in the computer’s internal memory using the 
binary number system. Character data is stored using the ASCII coding 
scheme. 

• A memory location can store only one value at a time. 

• A memory location’s data type determines how a value is stored in the 
location, as well as how the value is interpreted when retrieved. 

• Programmers can declare two types of memory locations: variables and 
named constants. You declare a memory location using a statement that 
assigns a name, data type, and initial value to the memory location. The 
initial value is required when declaring named constants but is optional 
when declaring variables. However, it is highly recommended that 
variables be initialized to ensure they don’t contain garbage. 

• In most cases, memory locations are initialized using a literal constant. 

The exception to this is a bool memory location, which is initialized using 
a keyword (true or fal se). 

• The data type of a literal constant assigned to a memory location should 
be the same as the memory location’s data type. If the data types do not 
match, the computer uses implicit type conversion to either promote or 
demote the value to fit the memory location. Promoting a value does not 
usually affect a program’s output; however, demoting a value may cause a 
program’s output to be incorrect. 

• The C++ programming language has a set of rules, called syntax, which 
you must follow when using the language. One rule is that all statements 
in C++ must end with a semicolon. 

Key Terms 

ASCII —a coding scheme used to represent character data; stands for 
American Standard Code for Information Interchange 

Binary number system —a system that uses only the two digits 0 and 1; used 
to represent numeric data in the computer’s internal memory 

Camel case —a naming convention that capitalizes only the first letter in the 
second and subsequent words in a memory location’s name 

Character —a letter, a symbol, or a number that will not be used in 
a calculation 

Character literal constant —one character enclosed in single quotation marks 
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Decimal number system —a system that represents numbers using the 
digits 0 through 9 

Demoted —refers to the conversion of a number from one data type to 
another data type that can store only smaller numbers 

Empty string —two quotation marks with no space between, like this 

Fundamental data types —the basic data types built into the C++ language; 
also called primitive data types or built-in data types 

Implicit type conversion —the process the computer follows when converting 
a numeric value to fit a memory location that has a different data type 

Initializing— assigning a beginning value to a memory location 

Integer —a whole number, which is a number without a decimal place 

Keyword— a word that has a special meaning in the programming language 
you are using 

Literal constant —an item of data that can appear in a program instruction 
and be stored in a memory location 

Named constant —a memory location whose value cannot be changed while 
a program is running 

Numeric literal constants— numbers 

Promoted —refers to the conversion of a number from one data type to 
another data type that can store larger numbers 

Real numbers —numbers that contain a decimal place 

Runtime —occurs while a program is running 

Statement —a C++ instruction that causes the computer to perform some 
action after being executed (processed) by the computer; all statements in 
C++ must end with a semicolon 

String literal constant —zero or more characters enclosed in double 
quotation marks 

Syntax— the rules you need to follow when using a programming language; 
every programming language has its own syntax 

Text —a group of characters treated as one unit and not used in a calculation 

User-defined data type —a data type added to the C++ language through the 
use of a class; an example is the stri ng data type 

Variable —a memory location whose value can change (vary) while a program 
is running 








Review Questions 


Review Questions 

1. The rules you must follow when using a programming language are 

called its_. 

a. guidelines 

b. procedures 

c. regulations 

d. syntax 

2. Which of the following declares a variable that can store a real 
number? 

a. commission double = 0.0; 

b. double commission = 0.0 

c. double commission = 0.0; 

d. commission = 0.0; 

3. A C++ statement must end with a_. 

a. colon 

b. comma 

c. period 

d. semicolon 

4. The declaration statement for a named constant requires 

a. a data type 

b. a name 

c. a value 

d. all of the above 

5. Which of the following creates a variable that can store whole 
numbers only? 

a. int numltems = 0; 

b. int numltems = 'O'; 

c. int numltems = "0"; 

d. integer numltems = 0; 
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6. Which of the following is a valid name for a variable? 

a. amount-sold 

b. amountSold 

c. IstQtrAmountSold 

d. both b and c 

7. Which of the following declares a char named constant called 

TOP_GRADE? 

a. const char TOP_GRADE = 'A'; 

b. const char TOP_GRADE = "A"; 

c. const char TOP_GRADE; 

d. both a and c 

8. A memory location contains the following eight bits: 00110111. If the 

memory location’s data type is i nt, the computer will interpret the 
eight bits as the number_. 

a. 7 

b. 55 

c. 56 

d. 110,111 

9. A memory location contains the following eight bits: 00110111. If the 

memory location’s data type is char, the computer will interpret the 
eight bits as the character_. 

a. 7 

b. 55 

c. 56 

d. none of the above 

10. If you use a real number to initialize an i nt variable, the real number 
will be_before it is stored in the variable. 

a. demoted 

b. promoted 

c. reduced 

d. upgraded 











Exercises 


Exercises 



Pencil and Paper 


1. Complete the C++ instructions column in Figure 3-22. Use the 
doubl e data type for the memory locations. (The answers to TRY 
THIS Exercises are located at the end of the chapter.) 


TRY THIS 



IPO chart information 

C++ instructions 

Input 


salei 


sale 2 


corumlssiou. rate 


Processing 


total sales 


Output 


CDV\AV\A,t£>£,lDZC 



Figure 3-22 

2. Complete the C++ instructions column in Figure 3-23. The numbers TRY THIS 
of cups and plates purchased will be integers. All of the remaining 
items will be real numbers. Use the i nt and doubl e data types. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 


IPO chart information 

C++ instructions 

Input 


cup price 
•plate price 
cups purchased 
plates purchased 
sales tax rate (s.sfo) 


Processing 


total cup cost 
total plate cost 
subtotal 


Output 


total cost 



Figure 3-23 


3. Complete TRY THIS Exercise 1, and then modify the IPO chart MODIFY THIS 

information and C++ instructions to indicate that the commission 
rate will always be 10%. 
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INTRODUCTORY 4. Chris Johanson wants a program that calculates and displays a 10%, 

15%, and 20% tip on his total restaurant bill. First, create an IPO chart 
for this problem, and then desk-check the algorithm twice, using 
$35.80 and $56.78 as the total bill. After desk-checking the algorithm, 
list the input, processing, and output items in a chart similar to the 
one shown in Figure 3-23, and then enter the appropriate C++ decla¬ 
ration statements. 

INTRODUCTORY 5. Tile Limited wants a program that allows its salesclerks to enter the 

length and width (both in feet) of a rectangle and the price of a square 
foot of tile. The program should calculate and display the area of the 
rectangle and the total price of the tile. First, create an IPO chart for 
this problem, and then desk-check the algorithm twice. For the first 
desk-check, use 10 feet, 12 feet, and $2.39 as the length, width, and tile 
price, respectively. For the second desk-check, use 5.5 feet, 10.5 feet, 
and $3.50. After desk-checking the algorithm, list the input, processing, 
and output items in a chart similar to the one shown in Figure 3-23, 
and then enter the appropriate C++ declaration statements. 

INTERMEDIATE 6. Builders Inc. wants a program that allows its salesclerks to enter the 

diameter of a circle and the price of railing material per foot. The pro¬ 
gram should calculate and display the total price of the railing mate¬ 
rial. Use 3.1416 as the value of pi. First, create an IPO chart for this 
problem, and then desk-check the algorithm twice. For the first desk- 
check, use 35 feet as the diameter and $2 as the price per foot. For the 
second desk-check, use 15.5 and $3.50. After desk-checking the algo¬ 
rithm, list the input, processing, and output items in a chart similar 
to the one shown in Figure 3-23, and then enter the appropriate C++ 
declaration statements. 


INTERMEDIATE 7. Currency Traders wants a program that converts American dollars to 

British pounds, Mexican pesos, and Japanese yen and then displays 
the results. Use the following conversion rates for one American 
dollar: 0.571505 British pounds, 10.7956 Mexican pesos, and 
112.212 Japanese yen. First, create an IPO chart for this problem, 
and then desk-check the algorithm twice, using 1000 and 50 as the 
number of American dollars. After desk-checking the algorithm, list 
the input, processing, and output items in a chart similar to the one 
shown in Figure 3-23, and then enter the appropriate C++ declaration 
statements. 


ADVANCED 8. Crispies Bagels and Bites wants a program that allows its salesclerks 

to enter the number of bagels, donuts, and cups of coffee a customer 
orders. Bagels are 994, donuts are 754, and coffee is $1.20 per cup. 
The program should calculate and display the total price of the cus¬ 
tomer’s order. First, create an IPO chart for this problem, and then 
desk-check the algorithm twice. For the first desk-check, use 0,12, 
and 2 as the number of bagels, donuts, and cups of coffee, respec¬ 
tively. For the second desk-check, use 2, 6, and 1. After desk-checking 
the algorithm, list the input, processing, and output items in a chart 
similar to the one shown in Figure 3-23, and then enter the appropri¬ 
ate C++ declaration statements. 








Exercises 


9. The payroll clerk at Cartwright Industries wants a program that ADVANCED 

displays an employee’s weekly net pay. The clerk will enter the 
employee’s weekly gross pay. From the gross pay, the program will 
need to subtract the appropriate federal and state taxes. Use 20% as 
the FWT (Federal Withholding Tax) rate, 8% as the FICA (Social 
Security and Medicare) tax rate, and 4% as the state income tax rate. 

First, create an IPO chart for this problem, and then desk-check the 
algorithm twice, using $500 and $235.50 as the weekly gross pay. 

After desk-checking the algorithm, list the input, processing, and out¬ 
put items in a chart similar to the one shown in Figure 3-23, and then 
enter the appropriate C++ declaration statements. 

10. Correct the C++ instructions shown in Figure 3-24. SWAT THE BUGS 
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IPO chart information 

C++ instructions 

Input 

ongii/utl price 
dlseou. i/bt rate (tofo) 

double original = 0.0; 
double DISC_RATE = 10%; 

Processing 

Output 

dlscou. l/bt 
mvj p rice 

int discount = 0; 
double new price = 0.0; 

Figure 3-24 

Answers to TRY THIS Exercises 

1. See Figure 3-25. 


IPO chart information 

C++ instructions 

Incut 

scilei 

sales. 

cdiww/ussLdi'v rate 

double salel = 0.0; 
double sale2 = 0.0; 
double commissionRate = 0.0; 

Processing 

total sales, 

double totalSales = 0.0; 

Output 

C,DWAYAI£,£,Id\A 

double commission = 0.0; 


Figure 3-25 
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Variables and Constants 


2. See Figure 3-26. 


IPO chart information 

C++ instructions 

Input 

cup price 

double cupPrice = 0.0; 

plate p rice 

double platePrice = 0.0; 

tups purchased 

int cupsPurchased = 0; 

plates purchased 

int piatesPurchased = 0; 

sales tax rate {s.sfo) 

const double TAX_RATE = .055; 

Processing 

total cup cost 

double totalCupCost = 0.0; 

total plate cost 

double total PIateCost = 0.0; 

subtotal 

double subtotal = 0.0; 

Output 

total cost 

double totalCost = 0.0; 


Figure 3-26 













CHAPTER 


Completing the Problem- 
Solving Process 


After studying Chapter 4, you should be able to: 

<§> Get numeric and character data from the keyboard 

® Display information on the computer screen 

® Write arithmetic expressions 

® Type cast a value 

<§> Write an assignment statement 

<§> Code the algorithm into a program 

<§> Desk-check a program 

® Evaluate and modify a program 




CHAPTER 4 


Completing the Problem-Solving Process 



Finishing Step 4 in the Problem-Solving Process 

The first three steps in the problem-solving process are to analyze the prob¬ 
lem, plan the algorithm, and then desk-check the algorithm; the fourth step 
is to code the algorithm into a program. As you learned in Chapter 3, the 
programmer begins the fourth step by declaring a memory location for 
each unique input, processing, and output item listed in the problem’s IPO 
chart. The memory locations will store the values of those items while the 
program is running. Recall that each memory location must be assigned a 
name and data type. If the memory location is a named constant, it also must 
be assigned a value. Assigning an initial value to a variable is optional but 
highly recommended to ensure that the variable does not contain garbage. 
Figure 4-1 shows the problem specification, IPO chart information, and vari¬ 
able declaration statements for the Treyson Mobley problem from Chapter 3. 
Recall that the doubl e data type was selected for each variable because it 
allows each to store a real number with the greatest precision. 


Problem specification 


Treyson Mobley wants a program that calculates and displays the amount he 
should tip a waiter at a restaurant. The program should subtract any liquor 
charge from the total bill and then calculate the tip (using a percentage) on the 

remainder. 


IPO chart information 

Input 

C++ instructions 

total bill 

double total Bill =0.0; 

Liquor charge 

double liquor = 0.0; 

tip percentage 

double tipPercent=0.0; 

Processing 


total bill without Liquor charge 

double totalNoLiquor=0.0; 

Output 


tip 

double tip = 0.0; 

Algorithm 

1. enterthe total bill, liquor charge, 
and tip percentage 

2 . calculate the total bill without Liquor 


charge by subtracting the Liquor charge 
from the total bill 


3. calculate the tip by multiplying the 


total bill without Liquor charge by the 
tip percentage 


4. display the tip 



Figure 4-1 Problem specification, IPO chart information, and variable declaration 
statements 

After declaring the necessary memory locations, the programmer begins 
coding the algorithm. The first instruction in the algorithm shown in 
Figure 4-1 is to enter the input items. You will have the user enter the items 
at the keyboard. 













Getting Data from the Keyboard 


Getting Data from the Keyboard 

In C++, you use objects to perform standard input and output operations, 
such as getting a program’s input items and displaying its output items. The 
objects are called stream objects because they handle streams. A stream is 
defined in C++ as a sequence of characters. In this section, you will learn 
about the standard input stream object, ci n (pronounced see in). The cin 
object tells the computer to pause program execution while the user enters 
one or more characters at the keyboard; the object temporarily stores the 
characters as they are typed. The cin object typically is used with the extrac¬ 
tion operator (»), which extracts (removes) characters from the object and 
sends them “in” to the computer’s internal memory. Figure 4-2 illustrates the 
relationship among the keyboard, cin object, extraction operator, and inter¬ 
nal memory. As the figure indicates, the characters you type at the keyboard 
are sent first to the ci n object, where they remain until the extraction opera¬ 
tor removes them, sending them to the computer’s internal memory. 


The ci n object 
and extraction 
s operator allow 
the user to 
communicate 
with the computer while 
a program is running. 




Figure 4-2 Relationship among the keyboard, ci n object, extraction operator, and 
internal memory 

The extraction operator stops removing characters from the ci n object 
when it encounters a white-space character, which can be a newline, tab, 
or blank. You enter a newline character when you press the Enter key on 
your keyboard. You enter a tab character when you press the Tab key, and 
you enter a blank character when you press the Spacebar key. Because many 
strings entered at the keyboard contain one or more blank characters (for 
example, the string Raleigh, North Carolina ), the extraction operator is used 
mainly to get numeric and character data, but not string data. Recall from 
Chapter 3 that numeric data is a number that will be used in a calculation, 
while character data is a letter, a symbol, or a number that will not be used 
in a calculation. String data is zero or more characters treated as one unit. 
Figure 4-3 shows the syntax and examples of statements that use cin and 
the extraction operator to get numeric and character input. (You will learn 
how to get string input from the keyboard later in this book.) You can tell 
that the syntax and examples are statements because a semicolon appears at 
the end of each. As you learned in Chapter 3, a statement is a C++ instruc¬ 
tion that causes the computer to perform some action after being executed 
(processed) by the computer. The ci n portion of the ci n » pri ce ; state¬ 
ment, for example, tells the computer to pause program execution to allow 
the user to enter the price at the keyboard. The ci n object temporarily stores 
the price as the user types it. When the user presses the Enter key, the extrac¬ 
tion operator in the statement removes the price from the ci n object and 











CHAPTER 4 


Completing the Problem-Solving Process 


sends it to the computer’s internal memory, where it is stored in the pri ce 
variable. Similarly, the ci n » mi ddl elni ti al ; statement waits for the 
user to enter a character and ultimately stores the user’s response in the 
mi ddl elni ti al variable. 




HOW TO Use ci n and »to Get Numeric or Character Data 


Syntax 

cin >> variableName ; 
Example 1 

double price = 0.0; 
cin » price; 


semicolon 


Example 2 

char middlelnitial = ' '; 
cin » mi ddlelnitial; 


Figure 4-3 How to use ci n and » to get numeric or character data 


The input items in the Treyson Mobley problem are numeric, so you can use 
the cin object and extraction operator to get the items from the user. The 
appropriate statements are shaded in Figure 4-4. 


IPO chart information 
Input 

total bill 
liquor charge 
tiy percentage 

Processing 

total bill without liquor charge 

Output 

tip 

Algorithm 

1. enter the total bill, liquor charge, 
and tip percentage 

2 . calculate the total bill without liquor 
charge by subtracting the liquor 
charge from, the total bill 

3 . calculate the tip by multiplying the 
total bill without liquor charge by 
the tip percentage 

4. display the tip 


C++ instructions 

double total Bill =0.0; 
double liquor = 0.0; 
double tipPercent=0.0; 


double totalNoLiquor=0.0; 


double tip = 0.0; 


cin » total Bill; 
cin » liquor; 
cin » tipPercent; 


Figure 4-4 Input statements for the Treyson Mobley problem 


























Displaying Messages on the Computer Screen 


When the program is run and the ci n » total Bill; statement is 
processed by the computer, a blank window containing a blinking cursor 
will appear on the computer screen. The blinking cursor indicates that the 
computer is waiting for the user to enter something, but it does not indicate 
what that something is. Should the user enter an age, price, or middle initial? 
You indicate the type of information to enter by displaying a message, called 
a prompt, on the computer screen. 



Displaying Messages on the Computer Screen 

As you learned earlier, you use objects to perform standard input and output 
operations in C++. In this section, you will learn about the standard output 
stream object, cout (pronounced see out). The cout object is used with the 
insertion operator (<<) to display information on the computer screen—in 
other words, to send information “out” to the user. The information can 
be any combination of literal constants, named constants, or variables. 

Figure 4-5 shows the syntax and examples of statements that use cout and 
the insertion operator. Notice the required semicolon that appears at the end 
of the syntax and examples. Also notice that you can include more than one 
insertion operator in a statement. The cout « "Enter the price: 
statement in the figure tells the computer to display a message that prompts 
the user to enter an item’s price. Similarly, the message displayed by the 
cout « "What is your middle initial? statement prompts 
the user to enter his or her middle initial. The cout object and insertion 
operator are not limited to displaying only messages that prompt the user 
to enter data; you also can use them to display informational messages. The 
cout « "End of program" ; statement, for instance, alerts the user 
that the program has ended. The cout « "Bonus: $" « bonusAmt 
« endl ; statement, on the other hand, displays a message along with the 
contents of the bonusAmt variable. The endl in the statement is one of the 
stream manipulators in C++. A stream manipulator allows you to manipulate 
(or manage) the characters in either the input or output stream. When used 
with the cout object, the endl stream manipulator advances the cursor to the 
next line on the computer screen, which is equivalent to pressing the Enter 
key. When typing endl (which stands for end of line) in a statement, be sure 
to type the lowercase letter 1 rather than the number 1. 


The cout object 
and insertion 
s operator allow 
the computer to 
communicate 
with the user while a 
program is running. 




Examples 

cout « "Enter the price: 

cout « "What is your middle initial? 

cout « "End of program"; 

cout « "Bonus: $" « bonusAmt « endl; 


The last example 
is equivalent to 
^ the following 
three lines 
of code: 

cout « "Bonus: $"; 
cout « bonusAmt; 
cout « endl; 


Figure 4-5 How to use the cout object 
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You also can 
display the tip 
= amount using the 
following three 
lines of code: 
cout « "Tip: $"; 
cout « tip; 
cout « endl; 


The prompts in 
Figure 4-6 merely 
= display a mes¬ 
sage on the 
computer screen. 
They don't allow the user 
to actually enter the data 
being requested; for that, 
you need the ci n object 
and extraction operator. 


In order for the user to know what to enter when the Treyson Mobley 
program is run on the computer, you will display a prompt—one that 
clearly indicates the information to be entered—for each input item. In this 
case, you will need three prompts. Each prompt should be entered above 
its corresponding ci n statement, because you want the prompt to appear 
before the user is expected to enter the information. The three prompts are 
shaded in Figure 4-6. Also shaded in the figure is the statement that displays 
the tip amount on the computer screen; the statement corresponds to the 
last instruction in the algorithm. Although it’s customary to code an algo¬ 
rithm’s instructions in the order they appear in the algorithm, the statement 
to display the tip amount is included now simply because this section covers 
displaying messages on the computer screen. 


IPO chart information 
Input 

total bill 
liquor charge 
tip percentage 

Processing 

total bill without liquor charge 

Output 

tip 


C++ instructions 

double total Bill =0.0; 
double liquor = 0.0; 
double tipPercent=0.0; 


double totalNoLiquor=0.0; 


double tip = 0.0; 


Algorithm 

l. enter the total bill, liquor 
charge, and tip percentage 


cout 

« 

"Enter 

the 

total bill: "; 

ci n 

» 

total Bill; 


cout 

« 

"Enter 

the 

liquor charge: "; 

ci n 

» 

liquor; 



cout 

« 

"Enter 

the 

tip percentage 


in decimal format: "; 

cin » tipPercent; 


2 . calculate the total bill 
without liquor charge by 
subtracting the liquor charge 
from the total bill 

3 . calculate the tip by m.ultiplying 
the total bill without liquor 
charge by the tip percentage 

4. display the tip cout « "Tip: $" « tip « endl; 


Figure 4-6 Prompts and output statement for the Treyson Mobley problem 


The answers to 
Mini-Quiz ques- 
^ tions are located 
in Appendix A. 


Mini-Quiz 4-1 

1. Which of the following stores the value entered at the keyboard in a 
variable named gross Pay? 

a. cin « grossPay; 

b. cin » grossPay; 
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c. cout « grossPay; 

d. cout » grossPay; 

2. Which of the following displays the contents of the grossPay 
variable on the computer screen? 

a. cin « grossPay; 

b. cin » grossPay; 

c. cout « grossPay; 

d. cout » grossPay; 

3. Which of the following is considered a white-space character in C++? 

a. a blank 

b. a tab 

c. a newline 

d. all of the above 

4. The insertion operator looks like this:_. 



Arithmetic Operators in C++ 

Instructions 2 and 3 in the algorithm shown in Figure 4-6 involve arithmetic 
calculations. You direct the computer to perform a calculation by writing an 
arithmetic expression that contains one or more arithmetic operators. Figure 
4-7 lists the standard arithmetic operators available in C++, along with their 
precedence numbers. The precedence numbers indicate the order in which 
the computer performs the operation in an expression. Operations with a 
precedence number of 1 are performed before operations with a precedence 
number of 2, which are performed before operations with a precedence num¬ 
ber of 3, and so on. However, you can use parentheses to override the order 
of precedence, because operations within parentheses always are performed 
before operations outside of parentheses. 


C++ also pro¬ 
vides arithmetic 
^ assignment oper¬ 
ators, which you 
will learn about 
later in this chapter. 


Operator 

Operation 

Precedence 

number 

0 

override normal precedence rules 

1 

- 

negation (reverses the sign of a number) 

2 

*,/, % 

multiplication, division, and modulus arithmetic 

3 

+, - 

addition and subtraction 

4 


Figure 4-7 Standard arithmetic operators and their order of precedence 

Although the negation and subtraction operators listed in Figure 4-7 use 
the same symbol (a hyphen), there is a difference between both operators: 
The negation operator is unary, whereas the subtraction operator is binary. 
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The modulus 
operator is used 
to divide integers 
only, and the 
result is always 
an integer. 


Unary and binary refer to the number of operands required by the operator. 
Unary operators require one operand, whereas binary operators require two 
operands. For example, the expression -7 uses the negation operator to turn 
the positive number 7 into a negative number. The expression 9 - 4, on the 
other hand, uses the subtraction operator to subtract the number 4 from the 
number 9. 

One of the arithmetic operators listed in Figure 4-7, the modulus operator 
(%), might be less familiar to you. The modulus operator is used to divide 
two integers and results in the remainder of the division. For example, the 
expression 211 % 4 (read 211 mod 4) equals 3, which is the remainder 
of 211 divided by 4. A common use for the modulus operator is to deter¬ 
mine whether a number is even or odd. If you divide a number by 2 and 
the remainder is 0, the number is even; if the remainder is 1, however, the 
number is odd. 

Some of the operators listed in Figure 4-7 have the same precedence number. 
For example, both the addition and subtraction operators have a precedence 
number of 4. When an expression contains more than one operator hav¬ 
ing the same priority, those operators are evaluated from left to right. In the 
expression 5 + 12 / 3 - 1, for instance, the division (/) is performed first, 
then the addition (+), and then the subtraction (-). The result of the expres¬ 
sion is the number 8, as shown in Figure 4-8. You can use parentheses to 
change the order in which the operators in an expression are evaluated. For 
example, as Figure 4-8 shows, the expression 5 + 12 / (3 - 1) evaluates to 
11 rather than to 8. This is because the parentheses tell the computer to per¬ 
form the subtraction operation first. 


Original expression 

5 + 12/3-1 

The division is performed first 

5 + 4-1 

The addition is performed next 

9-1 

The subtraction is performed last 

8 

Original expression 

5 + 12/(3- 1) 

The subtraction is performed first 

5 + 12/2 

The division is performed next 

5 + 6 

The addition is performed last 

11 


Figure 4-8 Expressions containing more than one operator having the same precedence 

Type Conversions in Arithmetic Expressions 

In Chapter 3, you learned about implicit type conversions in statements that 
declare memory locations. Recall that, if necessary, the computer will either 
promote or demote the value in a declaration statement to match the mem¬ 
ory location’s data type. The computer also makes implicit type conversions 
when processing some arithmetic expressions. More specifically, when per¬ 
forming an arithmetic operation with two values having different data types, 
the value with the lower-ranking data type is always promoted, temporarily, 
to the higher-ranking data type. A data type ranks higher than another data 
type if it can store larger numbers. The value returns to its original data type 
after the operation is performed. Figure 4-9 shows examples of expressions 
that require implicit type conversions. The figure also explains how each 









Arithmetic Operators in C++ 


expression is evaluated by the computer. In Examples 2 and 4, fi rstNum is an 
i nt variable that contains the number 5. When a variable name appears in 
an expression, the computer uses the value stored in the variable when evalu¬ 
ating the expression. 


Example 1 3 * 1.15 

The integer 3 is implicitly promoted to the double number 3.0 before being 
multiplied by the double number 1.15. The result is the double number 3.45. 

Example 2 9 * (2.5 + firstNum) 

1. The value stored in the firstNum variable (the integer 5) is implicitly 
promoted to the double number 5.0 before it is added to the double 
number 2.5. The result is the double number 7.5. 

2. The integer 9 is implicitly promoted to the double number 9.0 before being 
multiplied by the doubl e number 7.5 (the result of Step 1). The result is the 
double number 67.5. 

Example 3 9.8/2 

The integer 2 is implicitly promoted to the double number 2.0 before it is 
divided into the double number 9.8. The result is the double number 4.9. 

Example 4 firstNum / 2.0 

The value stored in the firstNum variable (the integer 5) is implicitly promoted 
to the doubl e number 5.0 before being divided by the doubl e number 2.0. 
The result is the double number 2.5. 


As you learned in 
Chapter 3, a 
=^= number with a 
decimal place is 
considered a 
doubl e number in C++. 


t When both 

operands in an 
= expression are 
integers, the 
result is an 

integer. When both are 
doubl e numbers, the 
result is a doubl e 
number. When one 
operand is an integer and 
the other is a doubl e 
number, the result is a 
doubl e number. 



Figure 4-9 Examples of expressions that require implicit type conversions 


At this point, it is important to highlight what happens when you divide 
one integer by another integer in C++ because the result may not be what 
you expect. When both the dividend and divisor are integers, the quotient 
is always an integer in C++. For example, the result of the expression 24/5 
is the integer 4 rather than the real number 4.8. So how do you get the quo¬ 
tient as a real number? You do so by converting at least one of the integers 
involved in the division operation to a real number. If one of the integers 
is a numeric literal constant, you can convert the literal constant to a real 
number by adding .0 to it. In this case, for example, you can change the 
expression 24 / 5 to 24.0 / 5. When the computer evaluates the 24.0/ 5 
expression, it will implicitly convert the integer 5 to the doubl e number 
5.0 before dividing it into the doubl e number 24.0; the result will be the 
doubl e number 4.8. You also can use either the expression 24 / 5.0 or 
the expression 24.0/ 5.0; both expressions evaluate to 4.8. Similarly, if 
the firstNum variable contains the integer 5, the result of the expression 
24.0/ firstNum also is 4.8. This is because the integer stored in the first¬ 
Num variable will be implicitly promoted to the doubl e data type before 
the division is performed. But what if neither of the integers involved in 
the division operation is a literal constant? For example, what if both the 
dividend and divisor are i nt variables? Now how do you get the quotient 
as a real number? In that case, you need to explicitly convert at least one of 
the i nt variables in the expression to either the doubl e or float data type. 
(However, recall that the programs in this book will use the doubl e data 
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type for real numbers.) You can use the stati c_cast operator to perform 
the conversion. 

The static_cast Operator 

C++ provides the static_cast operator for explicitly converting data from one 
data type to another. This type of conversion is called an explicit type conver¬ 
sion or a type cast. Figure 4-10 shows the stati c_cast operator’s syntax and 
includes examples of using the operator. In the syntax, data can be a literal 
constant, named constant, or variable, and dataType is the data type to which 
you want the data converted. In the examples, fi rstNum and secondNum 
are i nt variables that contain the numbers 5 and 2, respectively. You can 
use any of the expressions shown in Examples 1 through 3 to divide the inte¬ 
ger stored in the fi rstNum variable by the integer stored in the secondNum 
variable and then return the quotient as a real number having the doubl e 
data type. The expression in Example 4 uses the stati c_cast operator to 
explicitly promote the integer stored in the fi rstNum variable to the doubl e 
data type before it is multiplied by the doubl e number 10.65. Although the 
same answer would be achieved with implicit type conversion, the type cast¬ 
ing makes the programmer’s intent clear to anyone reading the program. The 
statement in Example 5 uses the stati c_cast operator to explicitly convert, 
or type cast, the doubl e number 3.99 to the float data type. In this case, 
the doubl e number will be demoted to the float data type. (Recall that the 
doubl e data type ranks higher than the float data type, because it can store 
larger numbers and with more precision.) 


HOW TO Use the stati c_cast Operator 

Syntax 

static_cast<dataType>(data) 

Example 1 stati c_cast<double>(firstNum) / stati c_ 

cast<double>(secondNum) 

1. The value stored in the fi rstNum variable (the integer 5) is explicitly 
promoted to the double number 5.0. 

2. The value stored in the secondNum variable (the integer 2) is explicitly 
promoted to the double number 2.0. 

3. The double number 5.0 (the result of Step 1) is divided by the double 
number 2.0 (the result of Step 2). The result of the division is the 
double number 2.5. 

Example 2 stati c_cast<double>(firstNum) / secondNum 

1. The value stored in the fi rstNum variable (the integer 5) is explicitly 
promoted to the double number 5.0. 

2. The value stored in the secondNum variable (the integer 2) is implicitly 
promoted to the double number 2.0. 

3. The double number 5.0 (the result of Step 1) is divided by the double 
number 2.0 (the result of Step 2). The result of the division is the 
double number 2.5. 

(continues) 


Figure 4-10 How to use the stati c_cast operator 
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(continued) 

Example 3 firstNum/ static_cast<double>(secondNum) 

1. The value stored in the secondNum variable (the integer 2) is explicitly 
promoted to the double number 2.0. 

2. The value stored in the firstNum variable (the integer 5) is implicitly 
promoted to the double number 5.0. 

3. The doubl e number 5.0 (the result of Step 2) is divided by the doubl e 
number 2.0 (the result of Step 1). The result of the division is the doubl e 
number 2.5. 

Example 4 10.65 * static_cast<double>(firstNum) 

The value stored in the firstNum variable (the integer 5) is explicitly 
promoted to the doubl e number 5.0 before being multiplied by the doubl e 
number 10.65. The result is the double number 53.25. The static_cast 
operator is not required in this example, because the computer will implicitly 
convert the contents of the firstNum variable to the double data type 
before performing the multiplication operation. 

Example 5 const float PRICE = static_cast<float>(3.99) ; 

The double number 3.99 is explicitly converted to the float data type 
before being stored in the price named constant. 



Figure 4-10 How to use the stati c_cast operator 


In most cases, the result of an arithmetic expression is assigned to a variable 
in a program. You do this using an assignment statement. 


Assignment Statements 

You can use an assignment statement to assign a value to a variable while a 
program is running. Figure 4-11 shows the syntax of an assignment state¬ 
ment in C++. The = symbol in the syntax is called the assignment operator. 
The figure also includes examples of assignment statements. (For clarity, the 
variable declaration statements are included in the examples.) An assign¬ 
ment statement tells the computer to evaluate the expression that appears 
on the right side of the assignment operator and then store the result in the 
variable whose name appears on the left side of the assignment operator. The 
expression can include one or more items, and the items can be literal con¬ 
stants, named constants, variables, or arithmetic operators. As with declara¬ 
tion statements, the data type of the expression in an assignment statement 
must match the data type of the variable to which the expression is assigned. 
As you learned in Chapter 3, when a value’s data type does not match the 
memory location’s data type, the computer uses a process called implicit type 
conversion to convert the value to fit the memory location. However, recall 
that implicit type conversions—more specifically, those that demote the val¬ 
ue—do not always give you the expected results. Therefore, it is considered 
a good programming practice to use a type cast, if necessary, to explicitly 
convert the value of the expression to fit the memory location. When a value 
is assigned to a variable, it replaces the existing value in the memory location; 
this is because a variable can store only one value at any time. 


You cannot use 
an assignment 
s statement to 
assign a value 
to a named 
constant, because the 
contents of a named 
constant cannot be 
changed during runtime. 
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HOW TO Write an Assignment Statement 
Syntax 

variableName = expression; 


| 88 


Example 1 

int quantity = 0; 


quantity = 1000; 

The assignment statement assigns the integer 1000 to the quantity 
variable. 

Example 2 

int janOrder= 500; 
int febOrder = 225; 
int total = 0; 

total = janOrder + febOrder; 

The assignment statement assigns the integer 725 to the total variable. 

Example 3 
int firstNum = 5; 
int secondNum = 2; 
double quotient=0.0; 

quotient = static_cast<double>(firstNum) / secondNum; 

The assignment statement assigns the double number 2.5 to the 
quoti ent variable. 

Example 4 

char mi ddlelnitial = ' '; 
middlelnitial = 'C' ; 

The assignment statement assigns the letter C to the mi ddl elni ti al 
variable. 

Example 5 

string customerName=""; 
customerName="leff Brown"; 

The assignment statement assigns the string “Jeff Brown” to the 
customerName variable. 

Figure 4-11 How to write an assignment statement 

It is easy to confuse an assignment statement with a variable declaration 
statement in C++. For example, the assignment statement hours = 50; 
looks very similar to the variable declaration statement i nt hou rs = 50;. 
The noticeable difference is the data type that appears at the beginning of 
the declaration statement. However, keep in mind that a variable declaration 
statement creates (and optionally initializes) a new variable. An assignment 
statement, on the other hand, assigns a value to an existing variable. 

Shaded in Figure 4-12 are the appropriate calculation statements for the 
Treyson Mobley problem. Because all of the items in both calculation 
statements have the same data type, neither statement requires any implicit 
or explicit type conversions. 















Assignment Statements 


IPO chart information 

C++ instructions 

Input 


total bill 

double total Bill =0.0; 

liqiuor charge 

double liquor = 0.0; 

tiy percentage 

double tipPercent=0.0; 

Processing 


total bill without liquor charge 

double totalNoLiquor=0.0; 

Output 


tip 

double ti p = 0.0; 

Algorithm 


l. enter the total bill, liquor 

cout « "Enter the total bill: "; 

charge, and tip percentage 

cin » total Bill; 


cout « "Enter the liquor charge: "; 


cin » liquor; 


cout « "Enter the tip percentage 


in decimal format: "; 


cin » tipPercent; 

2 . calculate the total bill 

totalNoLiquor = total Bill - 1iquor; 

without liquor charge by 


subtracting the liquor charge 


■from the total bill 


3. calculate the tip by 

tip = totalNoLiquor * tipPercent; 

multiplying the total bill 


without liquor charge by 


the tip percentage 


4. display the tip 

cout « "Tip: $" « tip « end!; 



Figure 4-12 Calculation statements for the Treyson Mobley problem 


You now have coded the algorithm into a program, which is Step 4 in the 
problem-solving process. Before moving on to Step 5, it is important to 
caution you about a problem you might encounter when using real num¬ 
bers in calculations. As mentioned in Chapter 3, not all real numbers can 
be represented exactly within the computer’s internal memory. As a result, 
the answer to some calculations may not be accurate to the penny. For 
example, the expression 7.0/ 3.0 yields a quotient of 2.333333 .. . (with 
the number 3 repeating indefinitely). The number 2.333333... can be stored 
in the computer’s memory only as an approximation. Because many real 
numbers cannot be stored precisely, some programmers do not use them 
in monetary calculations where accuracy to the penny is required. Instead, 
some programmers use integers, while others use special classes designed 
to perform precise arithmetic using real numbers. These special classes can 
be purchased from third-party vendors, such as Rogue Wave Software. You 
can learn more about the problem of using real numbers in monetary calcu¬ 
lations by completing Computer Exercise 15 at the end of this chapter. The 
exercise also allows you to explore the use of integers in calculations. (Your 
instructor may require you to use integers in monetary calculations; however, 
for simplicity, this book will use real numbers.) 
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The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


3. In C++, the expression 7 / 2 * 4.5 will evaluate to_, 

when it should evaluate to_. Why does the expression 

evaluate incorrectly? 

4. Rewrite the expression from Question 3 so that it will evaluate 
correctly. 


Mini-Quiz 4-2 

1. Write a C++ assignment statement that multiplies the number 9.55 
by the value stored in an i nt variable named hours and then assigns 
the result to a doubl e variable named gross Pay. Use implicit type 
conversion. 

2. Rewrite the answer to Question 1 using a type cast (explicit type 
conversion). 


Step 5—Desk-check the Program 

The fifth step in the problem-solving process is to desk-check the program 
to make sure that each instruction in the algorithm was translated cor¬ 
rectly. You should desk-check the program using the same sample data used 
to desk-check the algorithm; the results of both desk-checks should be the 
same. For your convenience when comparing the results of both desk-checks 
later in this section, Figure 4-13 shows the desk-check table that you com¬ 
pleted for the Treyson Mobley algorithm in Chapter 2. 


total bill 

liquor charge 

tip percentage 

total bill without liquor charge 

tip 

4+? 



35 


30 

0 

.15 

30 

4 .50 


Figure 4-13 Algorithm’s desk-check table from Chapter 2 

When desk-checking a program, you first place the names of the declared 
memory locations (variables and named constants) in a new desk-check 
table, along with each memory location’s initial value. Figure 4-14 shows the 
result of desk-checking the variable declaration statements shown earlier in 
Figure 4-12. 


totalBlll 

liquor 

tlpPercent 

totalNoLiquor 

tip 

0.0 

0.0 

0.0 

0.0 

0.0 


Figure 4-14 Variable names and initial values entered in the program's desk-check table 


Next, you desk-check the remaining C++ instructions in order, recording 
in the desk-check table any changes made to the variables. In the Treyson 
Mobley program, the first instruction following the declaration statements 














Step 5—Desk-check the Program 


isthecout « "Enter the total bill: statement. The state¬ 

ment displays a prompt on the computer screen, but it does not make any 
changes to the program’s variables; therefore, no entry is necessary in the 
desk-check table. The next statement, ci n » total Bill;, allows the 
user to enter the total bill amount, and it stores the user’s response in the 
total Bi 11 variable. If the user enters the number 45, the statement stores 
the number 45.0 in the variable, because the variable has the doubl e data 
type. Therefore, you record 45.0 in the total Bill column in the desk- 
check table. (As you learned in Chapter 2, some programmers find it help¬ 
ful to lightly cross out the previous value in a column before recording a 
new value; however, this is not a requirement.) Next, the cout « "Enter 
the liquor charge : " ; statement prompts the user to enter the liquor 
charge. The cin » liquor; statement waits for the user’s response 
and then stores the response in the liquor variable. If the user enters the 
number 10, you record 10.0 in the desk-check table’s 1 i quor column. The 
cout « "Enter the tip percentage in decimal format: "; state¬ 
ment prompts the user to enter the tip percentage. The cin » tipPercent; 
statement waits for the user’s response and then stores the response in the 
ti pPercent variable. If the user enters the number .2, you record .2 in 
the desk-check table. Figure 4-15 shows the input values recorded in the 
program’s desk-check table. 



tots IB ill 

liquor 

tl'pPer&eiA.t 

totCflNoLiquor 

tip 

ShO 

OhO 

o^o 

0.0 

0.0 

4 5.0 

It0.0 

.2 




Figure 4-15 Input values entered in the program’s desk-check table 

The total NoLi quor = total Bill - 1 i quor ; statement in the program 
subtracts the contents of the liquor variable (10.0) from the contents 
of the total Bill variable (45.0) and then stores the result (35.0) in the 
total NoLi quor variable. Notice that the expression that appears on 
the right side of the assignment operator is evaluated first, and then the 
result is stored in the variable whose name appears on the left side of the 
assignment operator. As a result of this statement, you record 35.0 in the 
total NoLi quor column in the desk-check table, as shown in Figure 4-16. 


totfllBill 

liquor 

tipPerc-eiA-t 

totfilNoLiquor 

tip 

0^0 

0^0 



0.0 

4 5.0 

1 0.0 

.2 

3 5.0 



Figure 4-16 Desk-check table showing the result of the total bill without liquor charge 
calculation 

The next statement, ti p = total NoLi quor * ti pPercent;, multiplies 
the contents of the total NoLi quor variable (35.0) by the contents of the 
ti pPercent variable (.2) and then stores the result (7.0) in the ti p variable. 
In the desk-check table, you record the number 7.0 in the tip column, as 
shown in Figure 4-17. 
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totalB.Ul 

liquor 

tipPer&e \a£ 

tot fllND Liquor 

tip 

gh& 

GhQ- 


0^0 

GhO 

4-5.0 

1 0.0 

.2 

35.0 

J--o 



Figure 4-17 Desk-check table showing the result of the tip calculation 

The last statement in the program shown earlier in Figure 4-12 displays 
the "T ip: $ " message along with the contents of the tip variable on the 
screen. You now have completed desk-checking the program using the first 
set of test data. If you compare the second row of values in Figure 4-17 with 
the first row of values shown earlier in Figure 4-13, you will notice that the 
results obtained when desk-checking the program are the same as the results 
obtained when desk-checking the algorithm. Recall, however, that you should 
perform several desk-checks (using different data) to make sure that the pro¬ 
gram works correctly. For the second desk-check, you will use 30, 0, and .15 
as the total bill, liquor charge, and tip percentage, respectively. (This is the 
same data used in the second desk-check shown in Figure 4-13.) Each time 
you desk-check a program, keep in mind that you must complete all of the 
program’s statements, beginning with the first statement and ending with 
the last statement. In this case, the first statement declares and initializes the 
total Bi 11 variable, and the last statement displays the tip amount on the 
screen. The completed desk-check table is shown in Figure 4-18. Here again, 
if you compare the fourth row of values in Figure 4-18 with the second row of 
values shown earlier in Figure 4-13, you will notice that the program’s results 
are the same as the algorithm’s results. 


total'&ilL 

liquor 

tipPer&eiA-t 

totfilNoLiquor 

tip 

0^0 

GhO 

GhO 

0^0 

GhO 

4 5^0 

+6+9 


3 5^0 


0^0 

0^0 

0^0 

0^0 

GhO 

30.0 

0.0 

.15 

30.0 

4-.50 


Figure 4-18 Program’s desk-check table showing the results of the second desk-check 


Step 6—Evaluate and Modify the Program 

The final step in the problem-solving process is to evaluate and modify 
(if necessary) the program. You evaluate a program by entering your C++ 
instructions (along with other instructions that you will learn about later in 
this section) into the computer and then using the computer to run (execute) 
the program. While the program is running, you enter the same sample 
data used when desk-checking the program. If the results obtained when 
running the program differ from those shown in the program’s desk-check 
table, it indicates that the program contains errors, referred to as bugs. The 
bugs must be located and removed from the program before the program is 
released to the user. The programmer’s job is not finished until the program 
runs without errors and produces the expected results. 













Step 6—Evaluate and Modify the Program 


The process of locating and correcting the bugs in a program is called debug¬ 
ging. Program bugs typically are caused by either syntax errors or logic 
errors. A syntax error occurs when you break one of the programming lan¬ 
guage’s rules. As you learned in Chapter 3, every programming language has 
a set of rules, called syntax, that you must follow when using the language. 
Most syntax errors are a result of typing errors that occur when entering 
instructions, such as typing ednl (instead of endl ) or neglecting to enter a 
semicolon at the end of a statement. In most cases, syntax errors are easy to 
both locate and correct because they trigger an error message from the C++ 
compiler. The error message indicates the general vicinity of the error and 
includes a brief description of the error. Unlike syntax errors, logic errors 
are much more difficult to find, because they do not trigger an error message 
from the compiler. A logic error can occur for a variety of reasons, such as 
forgetting to enter an instruction or entering the instructions in the wrong 
order. Some logic errors occur as a result of calculation statements that are 
correct syntactically but incorrect mathematically. For example, consider 
the statement average = numberl + number2 / 2;, which is supposed to 
calculate the average of two numbers. The statement’s syntax is correct, but 
it is incorrect mathematically. This is because it tells the computer to divide 
the contents of the number 2 variable by 2 and then add the quotient to the 
contents of the numberl variable. (Recall that division is performed before 
addition in an arithmetic expression.) The correct instruction for calculating 
the average of two numbers is average = (numberl + number2) /2;.The 
parentheses tell the computer to add the contents of the numberl variable to 
the contents of the number 2 variable before dividing the sum by 2. 

In order to enter your C++ instructions into the computer, you need to have 
access to a text editor, more simply referred to as an editor. The instructions 
you enter are called source code. You save the source code in a file on a disk, 
giving it the filename extension .cpp (which stands for C plus plus). The .cpp 
file is called the source file. In order to run (execute) the code contained 
in the source file, you need a C++ compiler. As you learned in Chapter 1, a 
compiler translates high-level instructions into machine code—the Os and 
Is that the computer can understand. Machine code is usually called object 
code. The compiler generates the object code and saves it in a file whose 
filename extension is .obj (which stands for object). The file containing the 
object code is called the object file. After the compiler creates the object 
file, it then invokes another program called a linker. The linker combines the 
object file with other machine code necessary for your C++ program to run 
correctly, such as machine code that allows the program to communicate 
with input and output devices. The linker produces an executable file, which 
is a file that contains all of the machine code necessary to run your C++ pro¬ 
gram as many times as desired without the need for translating the program 
again. The executable file has an extension of .exe on its filename. (The exe 
stands for executable .) Figure 4-19 illustrates the sequence of steps followed 
when translating your source code into executable code. 
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Figure 4-19 Process by which source code is translated 
into executable code 


You do not have 
to align the initial 
s values in declara¬ 
tion statements 
as shown in 
Figure 4-20. Flowever, 
doing so makes it easier 
to verify that each 
memory location has 
been initialized. 


Many C++ development tools contain both the editor and compiler in one 
integrated environment, referred to as an IDE (Integrated Development Envi¬ 
ronment). Examples include Microsoft Visual C++, Borland C++ Builder, and 
Dev C++. Other C++ development tools, called command-line compilers, 
contain only the compiler and require you to use a general-purpose editor 
(such as Notepad, WordPad, or vi) to enter the program instructions into 
the computer. Appendix D in this book contains instructions for entering 
and running programs using the Microsoft Visual C++ 2010 IDE. Appendix 
E contains the instructions for using the IDE in Dev C++. However, keep in 
mind that you can enter and run the programs in this book using most C++ 
development tools, often with little or no modification. 

Figure 4-20 shows the source code for the Treyson Mobley program. Each 
line in the figure is numbered so that it is easier to refer to it in the text; you 
do not enter the line numbers in the program. The unshaded lines of code are 
your C++ instructions from Figure 4-12. Besides entering your C++ instruc¬ 
tions, you also need to enter other instructions in the source file. Some of the 
additional instructions are required by the C++ compiler, while others are 
optional but highly recommended. The additional instructions are shaded in 
Figure 4-20. 



Figure 4-20 Treyson Mobley program (continues) 
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(continued) 


11 

double liquor =0.0; 


12 

double tipPercent =0.0; 


13 

double totalNoLiquor=0.0; 


14 

double tip = 0.0; 


15 



16 

//enter input items 


17 

cout « "Enter the total bill: "; 


18 

cin » total Bill; 


19 

cout « "Enter the liquor charge: 

ii , 

J 

20 

cin » liquor; 


21 

cout « "Enter the tip percentage 

in decimal format 

22 

cin » tipPercent; 


23 



24 

//calculate the total without liquor and the tip 

25 

totalNoLiquor = total Bill - 1iquor; 


26 

tip = totalNoLiquor * tipPercent; 


27 



28 

//display the output item 


29 

cout « "Tip: $" « tip « endl; 


30 


depending on your C++ 

31 

system("pause"); - 

development tool, this 
statement may not be 

32 

return 0; 

necessary 

33 } 

//end of main function 




Figure 4-20 Treyson Mobley program 


Lines 1, 2, 9,16, 24, and 28 in the program are comments; there also is a 
comment on line 33. You create a comment by typing two forward slashes 
(//) before the text you want treated as a comment. A comment is simply 
a message to the person reading the program and is referred to as internal 
documentation. The comments on lines 1 and 2 indicate the program’s name 
and purpose, as well as the programmer’s name and the date the program was 
either created or revised. The remaining comments explain various sections 
of the code. The comment on line 9, for example, indicates that the instruc¬ 
tions that follow it are variable declaration statements. The C++ compiler 
does not require you to include comments in a program. However, it is a good 
programming practice to do so because they make your code more readable 
and easier to understand by anyone viewing it. The C++ compiler does not 
process (execute) the comments in a program. Instead, the compiler ignores 
the comments when it translates the source code into object code. Comments 
do not end with a semicolon, because they are not statements in C++. 

Lines 4 and 5 in Figure 4-20 are directives; line 4 is a #include directive and line 
5 is a using directive. A #include directive provides a convenient way to merge 
the source code from one file with the source code in another file, without hav¬ 
ing to retype the code. The #include <i ostream> directive, for example, 
tells the C++ compiler to include the contents of the iostream file in the cur¬ 
rent program. The iostream file must be included in any program that uses the 
ci n or cout objects. A #include directive is not a C++ statement; therefore, 
it does not end with a semicolon. A using directive, on the other hand, is a 
statement; therefore, it must end with a semicolon. A using directive tells the 
compiler where (in the computer’s internal memory) it can find the definitions 


Everything after 
the two forward 
slashes (//) to 
the end of the 
line is treated as 
a comment. 
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C++ programs 
typically contain 
_ at least one 
directive, and 
most contain 
many directives. 



Some C++ 
development 
^ tools automati¬ 
cally pause pro¬ 
gram execution 
and display the Press any 
key to continue message 
when a program ends, so 
they do not require the 
system("pause"); 
statement. 


of keywords and classes, such as double or stri ng. The usi ng namespace 
std ; directive indicates that the definitions of the standard C++ keywords 
and classes are located in the std (which stands for standard) namespace. A 
namespace is a special area in the computer’s internal memory. 

In line 7 of the program, mai n is the name of a function and must be typed 
using lowercase letters. A function is a block of code that performs a task. 
Functions have parentheses following their names, like this: mai n (). 

Some functions require you to enter information between the parentheses; 
other functions, like mai n, do not. Every C++ program must have a mai n 
function, because that is where the execution of a C++ program always 
begins. A C++ program can contain many functions; however, only one 
can be the mai n function. Some functions, like mai n, return a value after 
completing their assigned task. If a function returns a value, the data type 
of the value it returns appears to the left of the function name; otherwise, 
the keyword voi d appears to the left of the name. The i nt in line 7 indi¬ 
cates that the mai n function returns an integer. The entire line of code, 
i nt mai n (), is referred to as a function header, because it marks the 
beginning of the function. After the function header, you enter the code 
that directs the function on how to perform its assigned task. Examples of 
such code include statements that declare variables, as well as statements 
that input, calculate, and output data. In C++, you enclose a function’s 
code within a set of braces ({}). The braces mark the beginning and end of 
the code block that comprises the function. You enter the opening brace 
({) immediately below the function’s header in the program, and you enter 
the closing brace (}) at the end of the function. In Figure 4-20, the open¬ 
ing brace appears on line 8, immediately below the i nt mai n () func¬ 
tion header; the closing brace appears on line 33. Everything between the 
opening and closing braces in Figure 4-20 is included in the mai n function 
and is referred to as the function body. Notice that you can include a com¬ 
ment (in this case, //end of main functi on) on the same line with a 
C++ instruction. However, you must be sure to enter the comment after 
the instruction, because only the text appearing after the // on a line is 
interpreted as a comment. 

Lines 31 and 32 in Figure 4-20 contain the system("pause") ; and return 
0; statements. The system("pause") ; statement, whose requirement 
depends on the C++ development tool you are using, pauses program 
execution and displays the Press any key to continue message in a Com¬ 
mand Prompt window on the computer screen, as shown in Figure 4-21. 

The retu rn 0 ; statement returns the number 0 to the operating system to 
indicate that the program ended normally. (As mentioned earlier, the mai n 
function returns an integer.) 


the information in the title bar depends 
on your C++ development tool and file location 


H F:\Cpp6\Chap04\Fig4-20 Project\Debug\Fig4-20 Project.exe _ I □ I XI 

Enter the total bill: 45 

Enter the liquor charge: 10 

Enter the tip percentage in decimal format: .2 
Tip: $7 

Press any key to continue . . . _ 


C++ programs 
typically contain 
_ at least one 
directive, and 
most contain 
many directives. 



Some C++ 
development 
^ tools automati¬ 
cally pause pro¬ 
gram execution 
and display the Press any 
key to continue message 
when a program ends, so 
they do not require the 
system("pause"); 
statement. 



Figure 4-21 Command Prompt window 
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Arithmetic Assignment Operators 

In addition to the standard arithmetic operators listed earlier in Figure 4-7, 
C++ also provides several arithmetic assignment operators. The arithmetic 
assignment operators allow you to abbreviate an assignment statement that 
contains an arithmetic operator. However, the assignment statement must 
have the following format, in which variableName is the name of the same 
variable: variableName = variableName arithmeticOperator value. For exam¬ 
ple, you can use the multiplication assignment operator (*=) to abbreviate 
the statement price = price * 1.05; as follows: price *= 1.05;. Both 
statements tell the computer to multiply the contents of the price variable 
by 1.05 and then store the result in the pri ce variable. Figure 4-22 shows 
the syntax of a C++ statement that uses an arithmetic assignment operator. 
The figure also lists the most commonly used arithmetic assignment opera¬ 
tors, and it includes examples of using an arithmetic assignment operator 
to abbreviate an assignment statement. Notice that each arithmetic assign¬ 
ment operator consists of an arithmetic operator followed immediately by 
the assignment operator (=). The arithmetic assignment operators do not 
contain a space; in other words, the addition assignment operator is +=, not 
+ =. Including a space in an arithmetic assignment operator is a common 
syntax error. 


In most cases, 
value is either a 
constant (literal 
or named) or the 
name of a differ¬ 
ent variable. 



HOW TO Use an Arithmetic Assignment Operator 
Syntax 

variableName arithmeticAssignmentOperator value; 


Operator 

Purpose 

+= 

addition assignment 

-= 

subtraction assignment 

*= 

multiplication assignment 

/= 

division assignment 

%= 

modulus assignment 


Example 1 

Original statement: rate = rate + .05; 

Abbreviated statement: rate += .05; 


Example 2 

Original Statement: pri ce = pri ce - di scount; 

Abbreviated statement: price -= discount; 


It’s easy to abbre¬ 
viate an assign- 
s ment statement. 
Simply remove 
the variable name 
that appears on the left 
side of the assignment 
operator (=) in the state¬ 
ment, and then put the 
assignment operator 
immediately after the 
arithmetic operator. 


Figure 4-22 How to use an arithmetic assignment operator 


Mini-Quiz 4-3 


1. Typing cin > age ; rather than ci n » age ; is an example 
of a_error. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 
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2. The .cpp file that contains your C++ instructions is called 

the_file. 

a. executable 

b. object 

c. source 

d. statement 

3. In a C++ program, the body of a function is enclosed 

in_. 

a. braces 

b. parentheses 

c. square brackets 

d. none of the above 

4. Rewrite the age = age + 1 ; statement using an arithmetic 
assignment operator. 


The answers to 
the labs are 
s located in 
Appendix A. 



AB 4-1 Stop and Analyze 


Study the three examples shown in Figure 4-23, and then answer 
the questions. 


Example 1 

int numberOfPeople=10; 
double costPerPerson=7.45; 
double totalCost=0.0; 

totalCost = numberOfPeople * costPerPerson; 
numberOfPeople = numberOfPeople / 2; 
costPerPerson = costPerPerson + 3; 

Example 2 

double scorel= 100.0; 
double score2 = 90.0; 
double average = 0.0; 
average = scorel + score2 / 2; 

Example 3 

int juneSales=933; 

int julySales= 1216; 

double avgSales = 0.0; 

avgSales = (juneSales + julySales) / 2; 


Figure 4-23 Examples for Lab 4-1 

QUESTIONS 

1. Explain how the computer evaluates the total cost calculation state¬ 
ment in Example 1. What value will be assigned to the total Cost 
variable? Is the value correct? If not, how can you fix the statement so 
it evaluates correctly? 
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2. Explain how the computer evaluates the number of people calcula¬ 
tion statement in Example 1. The statement should divide the number 
of people by 2 and then assign the result to the numberOf Peopl e 
variable. What value will be assigned to the variable? Is the value cor¬ 
rect? If not, how can you fix the statement so it evaluates correctly? 

3. Explain how the computer evaluates the cost per person calcula¬ 
tion statement in Example 1. What value will be assigned to the 
costPerPerson variable? Is the value correct? If not, how can you 
fix the statement so it evaluates correctly? 

4. Explain how the computer evaluates the average calculation state¬ 
ment in Example 2. What value will be assigned to the average vari¬ 
able? Is the value correct? If not, how can you fix the statement so it 
evaluates correctly? 

5. Explain how the computer evaluates the average sales calculation 
statement in Example 3. What value will be assigned to the avgSal es 
variable? Is the value correct? If not, how can you fix the statement so 
it evaluates correctly? 




AB 4-2 Plan and Create 


In this lab, you will plan and create an algorithm that displays the 
total amount a student owes for a semester. The problem specifica¬ 
tion is shown in Figure 4-24. 


The cashier at Hoover College wants a program that calculates and displays 
the total amount a student owes for the semester, including tuition and room 
and board. The fee per semester hour is $100, and room and board is $2000 
per semester. Courses at the college can be 1, 2, or 3 semester hours. 


Figure 4-24 Problem specification for Lab 4-2 

First, analyze the problem, looking for the output first and then for the input. 
In this case, the user wants the program to display the total amount the stu¬ 
dent owes. To calculate the total amount, the computer will need to know 
the number of semester hours for which the student is enrolled, as well as the 
fee per semester hour and the room and board fee. The number of semester 
hours will be entered by the user, whereas the problem specification indicates 
that the fee per semester hour is $100, and the room and board fee is $2000. 
Figure 4-25 shows the input and output items entered in an IPO chart. 


Input 

Processing 

Output 

hours, enrolled 

Processing items: 

total owed 

fee per hour {too) 
room § board fee ( 2 ooo) 

Algorithm: 



Figure 4-25 Partially completed IPO chart showing the input and output items 
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As you know, most algorithms begin with an instruction to enter the input 
items into the computer, followed by instructions that process the input 
items, typically including the items in one or more calculations. Most algo¬ 
rithms end with one or more instructions that display, print, or store the 
output items. Figure 4-26 shows the completed IPO chart for the Hoover 
College problem. 


Input Processing Output 

hours enrolled Processing items: none total owed 

fee yer hour {too) 

yddv k § board fee (2 000) 

Algorithm.: 

1 . ewter the hours enrolled 

2 . calculate the total owed by 
multiplyiiA-g the hours enrolled 

by the fee per hour and then, addlwg 
the room g board fee to the result 

3 . display the total owed 


Figure 4-26 Completed IPO chart for the Hoover College problem 


After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You will 
desk-check the Hoover College algorithm twice, using 9 and 11 as the num¬ 
ber of hours enrolled. Manually calculating the total owed results in $2900 
for the first desk-check and $3100 for the second desk-check. Figure 4-27 
shows the completed desk-check table. Notice that the amounts in the total 
owed column agree with the results of the manual calculations. 


hours enrolled 

fee yer hour 

room g board fee 

total owed 


3_00 

2 000 

2 °)00 

11 

1 00 

2 000 

31 00 


Figure 4-27 Completed desk-check table for the Hoover College algorithm 


The fourth step in the problem-solving process is to code the algorithm into 
a program. You begin by declaring memory locations that will store the val¬ 
ues of the input, processing (if any), and output items. The Hoover College 
problem will need four memory locations to store the values of the hours 
enrolled, fee per hour, room & board fee, and total owed. The hours enrolled 
and total owed values should be stored in variables, because the user should 
be allowed to change the hours enrolled value, which then will change the 
total owed value, while the program is running. The fee per hour and room & 
board fee, however, will be stored in named constants, because those values 
should not change during runtime. The variables and named constants will 
store integers, so you will use the i nt data type for each one. Figure 4-28 
shows the input, processing, and output items from the IPO chart, along 
with the corresponding C++ statements. 












Arithmetic Assignment Operators 


IPO chart information 

Input 

C++ instructions 

hours enrolled 

int hours = 0; 

fee yer hour (l oo) 

const int FEE_PER_HOUR = 100; 

room. § board fee (2 ooo) 

const int R00M_B0ARD=2000; 

Processing 


\AD\At 


Output 


total owed 

int total Owed = 0; 

Algorithm 

l. ewterthe hours enrolled 

cout « "Hours enrolled? 
cin » hours; 

2 . calculate the total owed 

total Owed = hours * FEE_PER_HOUR + 

by multiplying the hours 
enrolled by the fee per hour 
and then adding the room. 

§ board fee to the result 

R00M_B0ARD; 

3. display the total owed 

cout « "Total owed: $" « 
totalOwed « end!; 



Figure 4-28 IPO chart information and C++ instructions for the Hoover College 
problem 

The fifth step in the problem-solving process is to desk-check the program. 
You begin by placing the names of the declared variables and named con¬ 
stants in a new desk-check table, along with their values. You then desk- 
check the remaining C++ instructions in order, recording in the desk-check 
table any changes made to the variables. Figure 4-29 shows the completed 
desk-check table for the program. The results agree with those shown in the 
algorithm’s desk-check table in Figure 4-27. 



Figure 4-29 Completed desk-check table for the Hoover College program 

The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. The method of entering the instructions and 
running the program depends on the C++ IDE you are using; or, if you are 
not using an IDE, it depends on your compiler and text editor. As mentioned 
earlier, Appendices D and E show you how to enter and run programs using 
Microsoft Visual C++ 2010 and Dev C++, respectively. However, you can 
enter and run the programs in this book using most C++ systems, often with 



















CHAPTER 4 


Completing the Problem-Solving Process 



little or no modification. Your instructor or technical support person will 
provide you with the appropriate instructions if you are not using Microsoft 
Visual C++ 2010 or Dev C++. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Lab4-2 Project and save it in the Cpp6\Chap04 
folder. Enter the instructions shown in Figure 4-30 in a source file named 
Lab4-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\Chap04 folder. Now follow the appropriate instruc¬ 
tions for running the Lab4-2.cpp file. Run the program twice, using the 
sample data values of 9 and 11 for the hours enrolled. If necessary, correct 
any bugs (errors) in the program. 


1 //Lab4-2.cpp - displays the total owed 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 using namespace std; 

6 

7 int main() 

8 { 

9 //declare variables and named constants 

10 int hours = 0; 

11 int total Owed =0; 

12 const int FEE_PER_H0UR = 100; 

13 const int R00M_B0ARD = 2000; 

14 

15 //enter hours enrolled 

16 cout « "Hours enrolled? 

17 cin » hours; 

18 

19 //calculate total owed 

20 total Owed = hours * FEE_PER_H0UR + R00M„B0ARD; 

21 

22 //display total owed 

23 cout « "Total owed: $" « totalOwed « endl; 

24 

25 systemC'pause"); - 

26 return 0; 

27 } //end of main function 


if your C++ development tool does 
not require this statement, either 
omit it or make it a comment 


Figure 4-30 Hoover College program 



.AB 4-3 Modify 


If necessary, create a new project named Lab4-3 Project. Enter (or 
copy) the Lab4-2.cpp instructions into a new source file named 
Lab4-3.cpp. Hoover College now has courses that can be .5,1, 2, 















Summary 


or 3 semester hours. In addition, the fee per hour has been raised to $105. 
Modify the program instructions. Be sure to change Lab4-2.cpp in the first 
comment to Lab4-3.cpp. Test the program twice, using 9.5 and 11 as the 
number of hours enrolled. The total owed should be $2997.5 and $3155. 
(Don’t be concerned that the $2997.5 has only one decimal place. You will 
learn how to format numbers in Chapter 5.) 




AB 4-4 Desk-Check 


Desk-check the three lines of code shown in Figure 4-31. 


int num 75; 
int answer = 0; 
answer = num % 2; 


Figure 4-31 Code for Lab 4-4 



AB 4-5 Debug 


Follow the instructions for starting C++ and opening the Lab4-5.cpp 
file. If necessary, make the system("pause") ; statement a com¬ 
ment, and then save the program. Run and then debug the program. 


Summary 

• The fourth step in the problem-solving process is to code the algorithm. 
You begin by declaring a memory location for each unique input, pro¬ 
cessing, and output item listed in the IPO chart. You then translate each 
instruction in the algorithm into one or more C++ statements. 

• In C++, you perform standard input and output operations using stream 
objects. The standard input stream object is called ci n. The standard out¬ 
put stream object is called cout. 

• You use ci n along with the extraction operator (») to get either numeric 
or character input from the computer keyboard. You use cout along with 
the insertion operator («) to display information on the computer screen. 

• The extraction operator stops removing characters from the ci n object 
when it encounters a white-space character. 

• The endl stream manipulator advances the cursor to the next line on the 
computer screen. 
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• A program should display (on the computer screen) a separate and mean¬ 
ingful prompt for each item of data the user should enter. 

• You direct the computer to perform a calculation by writing an arithmetic 
expression that contains one or more arithmetic operators. 

• Each arithmetic operator is associated with a precedence number, which 
controls the order in which the operation is performed in an expression. 
When an arithmetic expression contains more than one operator having 
the same priority, those operators are evaluated from left to right. You can 
use parentheses to override the normal order of precedence. 

• When an arithmetic operation involves two values having different data 
types, the computer implicitly promotes the value with the lower-ranking 
data type to the higher-ranking data type. The value returns to its original 
data type upon completion of the arithmetic operation. 

• The quotient obtained by dividing one integer by another integer is always 
an integer in C++. 

• You can use the stati c_cast operator to explicitly convert data from 
one data type to another. 

• You can use an assignment statement to assign a value to a variable dur¬ 
ing runtime. An assignment statement tells the computer to evaluate the 
expression that appears on the right side of the assignment operator (=) 
and then store the result in the variable whose name appears on the left 
side of the assignment operator. 

• The fifth step in the problem-solving process is to desk-check the program. 
You should use the same sample data used to desk-check the algorithm. 

• The sixth (and final) step in the problem-solving process is to evaluate and 
modify (if necessary) the program. 

• The errors in a program are called bugs and typically fall into one of two 
categories: syntax errors or logic errors. 

• In order for you to enter your C++ instructions into the computer and then 
run the program, you need to have access to a text editor and a C++ compiler. 

• The C++ instructions entered in a program are called source code and are 
saved in a source file, which has a .cpp filename extension. 

• The compiler translates source code into machine code, also called 
object code. 

• The linker produces an executable file that contains all the machine code 
necessary to run a C++ program. The executable file has an .exe filename 
extension. 

• Programmers use comments to document a program internally. Doing this 
makes the program easier to understand by anyone viewing it. Comments 
are not statements and are ignored by the compiler. 

• The#include <i ostream> directive tells the computer to include the 
contents of the iostream file in the current program. 

• The using namespace std; directive tells the computer that the 
definitions of standard C++ keywords and classes are located in the std 
namespace. A namespace is a special area in the computer’s internal memory. 








Key Terms 


• The execution of a C++ program begins with the mai n function. There¬ 
fore, every C++ program must have one (and only one) mai n function. 

• The first line in a function is called the function header. Following the 
function header is the function body, which must be enclosed in braces. 

• C++ provides arithmetic assignment operators that allow you to abbrevi¬ 
ate an assignment statement as follows: variableName arithmeticAssign- 
mentOperator value-,. However, the original assignment statement must 
have the following format, in which variableName is the name of the same 
variable: variableName = variableName arithmeticOperator value. 

Key Terms 

#incl ude directive —an instruction that tells the computer to merge the 
source code from one file with the source code from another file 

%—modulus operator; divides two integers and returns the remainder as 
an integer 

«—the insertion operator in C++ 

»—the extraction operator in C++ 

Arithmetic assignment operators— operators comprised of an arithmetic 
operator and the assignment operator; allow you to abbreviate an assignment 
statement that follows a specific format 

Assignment operator —the = symbol in an assignment statement 
Assignment statement —used to assign a value to a variable during runtime 
Bugs —the errors in a program 

ci n —the standard input stream object in C++; tells the computer to pause 
program execution while the user enters one or more characters at the key¬ 
board; temporarily stores the characters entered at the keyboard 

Comment —a message used to document a program internally; begins with 
two forward slashes (//) in C++ 

cout— the standard output stream object in C++; used with the insertion 
operator to display information on the computer screen 

Debugging— the process of locating and correcting any errors in a program 

endl —a stream manipulator that can be used to advance the cursor to the 
next line on the computer screen 

Executable file —a file that contains all of the machine code necessary to run 
a program; executable files have an .exe filename extension 

Explicit type conversion —the explicit conversion of data from one data type 
to another; usually performed with the stati c_cast operator; also called a 
type cast 

Extraction operator —two greater-than signs (»); extracts (removes) char¬ 
acters from the ci n object and sends them “in” to the computer’s internal 
memory 

Function— a block of code that performs a task 
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Function body —the code contained between a function’s opening and 
closing braces 

Function header —the first line in a function; marks the beginning of the 
function 

IDE —an acronym for Integrated Development Environment 

Insertion operator —two less-than signs («); used with the cout object to 
display information on the computer screen 

Integrated Development Environment —a system that includes both an editor 
and a compiler 

Linker —a program that combines the code contained in a C++ program’s 
object file with other machine code necessary to run the C++ program 

Logic error— an error (bug) that occurs when you neglect to enter a program 
instruction or enter the instructions in the wrong order; also occurs as a 
result of calculation statements that are correct syntactically but incorrect 
mathematically 

Modulus operator —the percent sign (%); divides two integers and returns the 
remainder as an integer 

Object code —another name for machine code 

Object file —a file that contains the object code associated with a program; 
automatically generated by the compiler 

Prompt —a message (displayed on the computer screen) indicating the type of 
data the user should enter at the keyboard 

Source code —the program instructions you enter using an editor; the 
instructions are saved in a source file 

Source file —a file that contains a program’s source code; source files have a 
.cpp filename extension 

static_cast operator —explicitly converts (or type casts) data from one 
data type to another 

Stream —a sequence of characters 

Stream manipulator —allows a C++ program to manipulate (or manage) the 
characters in either the input or output stream 

Stream objects— objects used to perform standard input and output opera¬ 
tions in C++ 

Syntax error —an error (bug) that occurs when a program instruction violates 
a programming language’s syntax 

Testing —running (executing) a program, along with sample data, on the 
computer 

Type cast —another term for an explicit type conversion 

using directive —an instruction that tells the computer where it can find the 
definitions of keywords and classes 

White-space character —a newline character, a tab character, or a blank 
(space) character 








Review Questions 


Review Questions 

1. Which of the following prompts the user to enter a price? 

a. cin » "What is the price? 

b. cin « "What is the price? 

c. cout « "What is the price? 

d. cout » "What is the price? 

2. Which of the following sends keyboard input to a variable named 

price? 

a. cin » price; 

b. cin « price; 

c. cin <> price; 

d. cin > price; 

3. If the pri ce variable has the doubl e data type, which of the follow¬ 
ing statements will require an explicit type conversion to evaluate 
correctly? 

a. price = 25 ; 

b. price = price * 1.05; 

c. pri ce = pri ce / 2 ; 

d. none of the above 

4. The numl and num2 variables have the i nt data type and contain the 
numbers 13 and 5, respectively. The answer variable has the doubl e 
data type. Which of the following statements will require an explicit 
type conversion to evaluate correctly? 

a. answer = numl / 4 . 0; 

b. answer = numl + numl / num2 ; 

c. answer = numl - num2; 

d. none of the above 

5. Which of the following assigns the letter T to a char variable named 

insured? 

a. insured = 'T' ; 

b. i nsured = "T" ; 

c. insured = T; 

d. none of the above 
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6. Which of the following explicitly converts the contents of an i nt 
variable named quanti ty to the doubl e data type? 

a. castToDoubleCquantity); 

b. explicit_cast<double>(quantity); 

c. static_cast<double>(quantity) ; 

d. type_cast<double>(quantity); 

7. Which of the following statements advances the cursor to the next 
line on the computer screen? 

a. cout « endl ; 

b. cout « endline; 

c. cout « newline; 

d. none of the above 

8. Which of the following tells the compiler to merge the code contained 
in the iostream file with the current file’s code? 

a. #include iostream; 

b. #include <iostream> 

c. #include <iostream>; 

d. #include (iostream) 

9. Which of the following is equivalent to the rate = rate / 100 ; 
statement? 

a. rate = rate =/ 100; 

b. rate /= 100; 

c. rate =/ 100; 

d. none of the above 

10. Which of the following is a valid comment in C++? 

a. **This is a comment 

b. @/This is a comment 

c. /This is a comment 

d. none of the above 
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Exercises 



Pencil and Paper 


1. Complete the C++ instructions column in Figure 4-32. (The answers 
to TRY THIS Exercises are located at the end of the chapter.) 


TRY THIS 


IPO chart information 

C++ instructions 

Inout 

salei 

double 

sal el = 0.0; 

sale2 

double 

sale2 = 0.0; 

commission rate 

double 

commi ssi onRate = 0.0; 

Processing 

total sales 

double 

total Sales = 0.0; 

OutDUt 

double 

commission = 0.0; 

Algorithm 

1. enter salei, sale2, and tine 
commission rate 

2. calculate tine total sales by addling 
salei to sale2 

3 . calculate tine commission 

by multiply Img the total sales 
by the commission rate 

4 . display the commission 





Figure 4-32 

2. Complete the C++ instructions column in Figure 4-33. (The answers TRY THIS 
to TRY THIS Exercises are located at the end of the chapter.) 


IPO chart information 

C++ instructions 

Input 

cup p rice 

double cupPrice=0.0; 

plate price 

double piatePrice = 0.0; 

cups purchased 

int cupsPurchased=0; 

plates purchased 

int platesPurchased=0; 

sales tax rate (s.sfo) 

const double TAX_RATE= .055; 

Processing 

total cup cost 

double totalCupCost=0.0; 

total plate cost 

doubl e total PI ateCost = 0.0; 

subtotal 

double subtotal =0.0; 

Output 

total cost 

double total Cost = 0.0; 


Figure 4-33 (continues) 
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(continued) 

Algorithm 

1. enter cup price, plate price, cups 
purchased, aind plates purchased 

2. calculate the total cup cost by 
multiplying the cups purchased 
by the cup price 

3. calculate the total plate cost by 
multiplying the plates purchased 
by the plate price 

4 . calculate the subtotal by adding the 
total cup cost to the total plate cost 

5. calculate the total cost by multiplying 
the subtotal by the sales tax rate and then 
adding the resultto the subtotal 

6 . display the total cost 


Figure 4-33 

MODIFY THIS 3. Complete TRY THIS Exercise 1, and then modify the IPO chart 

information and C++ instructions so that the commission rate will 
always be 10%. 

INTRODUCTORY 4. Complete the C++ instructions column in Figure 4-34. 


IPO chart information 

C++ instructions 

Input 


-first \A\A.wd(>tY 

doubl e numl = 0.0; 

second \A,\A.wdotv 

doubl e num2 = 0.0; 

Processing 


\A;0\At 


Output 


quotient 

double quotient=0.0; 

Algorithm 


1 . enter the first \Au.wdotv and z&coiAd \A,\Awdotr 

cout « "First number: "; 


cin » numl; 

2. calculate the quotient by dividing the 


first number by the z&coiAd \Au.wdotv 


3 . display the quotient 

cout « "The quotient is " 


« quotient « endl; 


Figure 4-34 
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5. Complete the C++ instructions column in Figure 4-35. 


INTERMEDIATE 


IPO chart information 

C++ instructions 

Input 


HA.Ltes driven. 

int milesDriven=0; 

gallons used 

int gallonsUsed=0; 

Processing 


none 


Output 


miles per gallon 

double milesPerCal =0.0; 

Algorithm 


l. enter the miles drivtiA, and gallons used 


2. calculate the miles per gallon 


by dividing the miles driven 


by the gallons used 


3 . display the miles per gallon 

cout « "MPG: " « 


milesPerGal « end! ; 



Figure 4-35 

6. Complete the C++ instructions column in Figure 4-36. 


ADVANCED 


IPO chart information 

Incut 

assessed value 
tax rate (41.02) 

C++ instructions 

int assessedVal ue = 0; 

Processing 

MM 


OutDUt 

annual property tax 

double tax = 0.0; 

Algorithm 

1. enter the assessed value 


2. calculate the annual property tax 
by dividing the assessed value 
by 1 00 and then multiplying the 
result by the tax rate 


3. display the annual property tax 



Figure 4-36 
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SWAT THE BUGS 7. Correct the errors in the lines of code shown in Figure 4-37. (The 

code contains nine errors.) 



#include <iostreem> 
using std namespace; 

int main 

{ 

/declare variables 
Int quantity = 0; 

//enter the input item 

cout "Enter the quantity ordered: 

cin « quantity; 

//display a message 

cout « "You entered " « quantity « endl 

systemC'pause"); 
return 0; 

{ //end of main function 


Figure 4-37 


TRY THIS 



Computer 


8. The answer to TRY THIS Exercise 1 is shown in Figure 4-38 at the 
end of the chapter. Enter the C++ instructions from the figure into 
a source file named TryThis8.cpp. Also enter appropriate comments 
and any additional instructions required by the compiler. Save and 
run the program. Test the program using $345.55 and $576.34 as the 
two sale amounts and .05 as the commission rate. The answer should 
be $46.0945. (Don’t be concerned if your answer has more decimal 
places.) Now test it using $3000, $2500, and .06. (The answers to TRY 
THIS Exercises are located at the end of the chapter.) 


TRY THIS 9. The answer to TRY THIS Exercise 2 is shown in Figure 4-39 at the 

end of the chapter. Enter the C++ instructions from the figure into 
a source file named TryThis9.cpp. Also enter appropriate comments 
and any additional instructions required by the compiler. Save and 
run the program. Test the program using $.50 as the cup price, $1.05 
as the plate price, 35 as the number of cups purchased, and 35 as the 
number of plates purchased. The answer should be $57.2338. (Don’t 
be concerned if your answer has more decimal places.) Then test it 
using $.25, $.75, 20, and 10. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 

MODIFY THIS 10. Complete TRY THIS Exercise 8. Enter (or copy) the instructions from 

the TryThis8.cpp file into a new source file named ModifyThislO.cpp. 
Modify the code in the ModifyThislO.cpp file so that the commission 
rate will always be 10%. Save and run the program. Test the program 
using $345.55 and $576.34 as the two sale amounts. Then test it using 
$3000 and $2500. 
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11. A-l Appliances needs a program that allows the store clerks to enter INTRODUCTORY 

the number of dishwashers in stock at the beginning of the month, 

the number purchased during the month, and the number sold dur¬ 
ing the month. The program should calculate and display the number 
of dishwashers in stock at the end of the month. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm twice. For the first desk-check, use 5000 as the number 
of dishwashers at the beginning of the month, 1000 as the number 
purchased, and 3500 as the number sold. For the second desk- 
check, use 450, 20, and 125. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown in Figure 4-12 in the 
chapter. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Introduc- 
toryll.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

12. A concert hall has three seating categories: Orchestra, Main floor, INTRODUCTORY 

and Balcony. Orchestra seats are $25. Main floor seats are $30, and 
Balcony seats are $15. The manager wants a program that allows him 
to enter the number of tickets sold in each seating category. The pro¬ 
gram should calculate and display the amount of revenue generated 
by each seating category, as well as the total revenue. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm twice. For the first desk-check, use 50,100, and 75 as 
the number of Orchestra, Main floor, and Balcony seats. For the 
second desk-check, use 30, 25, and 99. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown in Figure 4-12 in the 
chapter. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Introduc¬ 
tory^.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 
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INTERMEDIATE 13. The manager of Mama Calari’s Pizza Palace wants a program that cal¬ 

culates and displays the number of slices of pizza into which a circular 
pizza can be divided. The manager will enter the radius of the entire 
pizza. For this exercise, use the number 14.13 as the area of a pizza slice, 
and use 3.14 as the value of pi. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm twice. For the first desk-check, use 10 as the radius of 
the pizza. For the second desk-check, use 6. (Hint: For the first 
desk-check, the number of slices should be a little over 22.) 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown in Figure 4-12 in the 
chapter. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Intermedi¬ 
ated.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

ADVANCED 14. Complete INTRODUCTORY Exercise 12. Enter (or copy) the 

instructions from the Introductoryl2.cpp file into a new source file 
named Advancedl4.cpp. Modify the code in the Advancedl4.cpp file 
so that it also calculates and displays the percentage of the total rev¬ 
enue contributed by each seating category. Save and run the program. 
Test the program using 50,100, and 75 as the number of Orchestra, 
Main floor, and Balcony seats. Then test it using 30, 25, and 99. (Don’t 
be concerned about the extra decimal places in the answers.) 

ADVANCED 15. In this exercise, you explore the use of integers in monetary calculations. 

a. Follow the instructions for starting C++ and opening the 
Advancedl5.cpp file. If necessary, make the system("pause") ; 
statement a comment, and then save the program. Run the pro¬ 
gram. When you are prompted to enter the gross pay, type 45.13 
and press Enter. The net pay that appears on the computer screen 
is incorrect because it is not the result of subtracting the taxes 
from the gross pay. Press any key to stop the program. 

b. Review the code contained in the Advancedl5.cpp file. The 
#i ncl ude <i omani p> directive tells the C++ compiler to 
include the contents of the iomanip file in the current program. 

The iomanip file contains the definition of the setpreci si on 
stream manipulator, which appears in the cout « fixed « 
setpreci sion(2) « endl ; statement. The fixed stream 
manipulator is defined in the iostream file, and it forces a real 
number to display a specific number of decimal places, as specified 
by the setpreci si on stream manipulator. In this program, the 
output values will display with two decimal places. You will learn 
about the directive and both stream manipulators in Chapter 5. 








Exercises 


c. Why does the net pay appear as $33.85 rather than $33.84? Hint: 

Change the cout « fixed « setprecision(2) « endl ; 
statement to a comment, and then save and run the program. Type 
45.13 as the gross pay and press Enter. Study the output, and then 
stop the program and change the comment back to a statement. 

d. Use the comments that appear in the Advancedl5.cpp file to 
modify the program’s code. Why do you need to add .5 to the 
expressions that calculate the federal and state taxes? 

e. Save, run, and test the program to verify that it is working 
correctly, and then stop the program. 

16. Follow the instructions for starting C++ and opening the SwatThe- SWAT THE BUGS 

Bugsl6.cpp file. The program declares and initializes a doubl e vari¬ 
able. It then adds 1.5 to the variable before displaying the variable’s 
value. If necessary, make the system("pause") ; statement a com¬ 
ment, and then save the program. Run and then debug the program. 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. See Figure 4-38. 


IPO chart information 

Input 

C++ instructions 

salei 

double sal el = 0.0; 

sale2 

double sale2 = 0.0; 

coiM.iM.is.slo i+ rate 

double commissionRate=0.0; 

Processing 

total sales 

double total Sal es = 0.0; 

Output 

C,DWAIAAI£,£,IdZC 

double commission=0.0; 

Algorithm 

l. enter salei, sale2, and tHe 

cout « "First sale? 

commission rate 

cin » salel; 

cout « "Second sale? 

cin » sale2; 

cout « "Commission rate in decimal 
format? 

cin » commissionRate; 

2. calculate the total sales 
by adding saleito sale2 

total Sal es = sal el + sale2; 

3 . calculate the commission 

commission = total Sales * 

by multiplying the total 
sales by the commission rate 

commissionRate; 

4. display the commission 

cout « "Commission: $" 

« commission « endl; 


115 


Figure 4-38 
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2. See Figure 4-39. 



IPO chart information 
Input 

crf> -price 
plate price 
tups purchased 
plates purchased 
sales tar rate ( 5 .sfo) 

Processing 

total cup cost 
total plate cost 
subtotal 

Output 

total cost 

Algorithm 

l. enter cup price, plate price, cups 
purchased, and plates purchased 


2. calculate the total cup cost by 
m.ultlplylu,g the cups purchased 
by the cup price 

3. calculate the total plate cost by 
/multiply lw,g the plates purchased 
by the plate price 

4 . calculate the subtotal by adding the 
total cup cost to the total plate cost 

tr. calculate the total cost by 

/KuLtlplylzvg the subtotal by the 
sales tar rate and then adding 
the result to the subtotal 

&. display the total cost 


C++ instructions 

double cupPrice=O.O; 
double piatePrice = 0.0; 
int cupsPurchased=0; 
int platesPurchased=0; 
const double TAX_RATE= .055; 


double totalCupCost=0.0; 
doubl e total PI ateCost = 0.0; 
double subtotal =0.0; 


double totalCost=0.0; 


cout « "Cup price: "; 

cin » cupPrice; 

cout « "Plate price: "; 

cin » piatePrice; 

cout « "Cups purchased: "; 

cin » cupsPurchased; 

cout « "Plates purchased: "; 

cin » platesPurchased; 

totalCupCost = cupsPurchased 
* cupPrice; 


total PIateCost = 
platesPurchased * piatePrice; 


subtotal = totalCupCost + 
total PIateCost; 

totalCost=subtotal * 
TAX_RATE + subtotal; 


cout « "Total cost: $" 
« totalCost « endl; 


Figure 4-39 
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Computer 


8. See Figure 4-40. 


1 //TryThis8.cpp - calculates and displays the commission 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 using namespace std; 

6 

7 int mainO 

8 { 

9 //declare variables 


10 double sal el =0.0 

11 double sale2 =0.0 

12 double commissionRate=0.0 

13 double total Sales =0.0 

14 double commission =0.0 

15 

16 //enter input items 


17 cout « "First sale? 

18 cin » salel; 

19 cout « "Second sale? 

20 cin » sale2; 

21 cout « "Commission rate in decimal format? 

22 cin » commissionRate; 

23 

24 //calculate total sales and commission 

25 total Sales = sal el + sale2; 

26 commission = total Sales * commissionRate; 

27 

28 //display the commission 

29 cout « "Commission: $" « commission « endl; 

30 

31 system("pause"); - 

32 return 0; 

33 } //end of main function 


your C++ development 
tool may not require 
this statement 



Figure 4-40 
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9. See Figure 4-41. 


1 //TryThis9 . cpp - calculates and 

displays the total owed 

2 //Created/revised by <your name> on <current date> 

3 

4 #inc1ude <iostream> 



5 using namespace std; 

£ 



7 int 

mainQ 



8 { 




9 

//declare variables and named constant 

10 

int cupsPurchased =0; 



11 

int piatesPurchased =0; 



12 

double cupPrice =0. 

0 


13 

double platePrice =0. 

0 


14 

double totalCupCost =0. 

0 


15 

double total PIateCost = 0 . 

0 


16 

double subtotal =0. 

0 


17 

double totalCost =0. 

0 


18 

const double TAX_RATE = .055; 

19 




20 

//enter input items 



21 

cout « "Cup price: 



22 

cin » cupPrice; 



23 

cout « "Plate price: "; 



24 

cin » platePrice; 



25 

cout « "Cups purchased: 

ii 


26 

cin » cupsPurchased; 



27 

cout « "Plates purchasec 


ii , 

) 

28 

cin » piatesPurchased ; 



29 




30 

//calculate total cup cost 

total plate 

31 

//cost, the subtotal, anc 

the total cost 

32 

totalCupCost = cupsPurchased * cupPrice; 

33 

total PIateCost = platesPurchased * platePrice; 

34 

subtotal = totalCupCost + total PIateCost ; 

35 

totalCost = subtotal *TAX_ 

.RATE + subtotal ; 

36 




37 

//display total cost 



38 

cout « "Total cost: $" « 

totalCost « endl ; 

39 


your C++ development 


40 

system("pause"); - 

tool may not require 


41 

return 0; 

this statement 


42 } 

//end of main function 






Figure 4-41 
















CHAPTER 



The Selection Structure 


After studying Chapter 5, you should be able to: 

<§> Include the selection structure in pseudocode and in a flowchart 
<§> Code a selection structure using the if statement 
® Include comparison operators in a selection structure’s condition 
<§> Include logical operators in a selection structure’s condition 
® Format numeric output 





CHAPTER 5 


The Selection Structure 



As you learned 
in Chapter 2, 
= pseudocode 
is a tool that 
programmers 
use when planning 
solutions to problems. 


Making Decisions 

As you learned in Chapter 1, all computer programs are written using one or 
more of three basic control structures: sequence, selection, and repetition. 
You used the sequence structure in the programs you coded in Chapter 4. 
Recall that, during runtime, the computer processed the instructions in 
those programs sequentially—in other words, in the order the instructions 
appeared in the program. Many times, however, a program will need the 
computer to make a decision before selecting the next instruction to pro¬ 
cess. A payroll program, for example, typically has the computer determine 
whether the number of hours an employee worked is greater than 40. The 
computer then would select either an instruction that computes regular pay 
only or an instruction that computes regular pay plus overtime pay. Programs 
that need the computer to make a decision require the use of the selection 
structure (also called the decision structure). As you learned in Chapter 1, the 
selection structure indicates that a decision (based on some condition) needs 
to be made, followed by an appropriate action derived from that decision. But 
how does a programmer determine whether a problem’s solution requires a 
selection structure? The answer to this question is by studying the problem 
specification. The first problem specification you will examine in this chapter 
involves Robin, the mechanical woman from Chapter 1. The problem specifi¬ 
cation and an illustration of the problem are shown in Figure 5-1 along with 
the solution from Chapter 1. The solution, which is written in pseudocode, 
requires only the sequence structure. It does not need a selection structure 
because no decisions need to be made to get Robin from her initial location 
in the hallway to her ending location in the bedroom. 


Robin is standing in 
her hallway facing her 
bedroom door. The 
door, which is closed, 
is two steps away 
from her. Robin wants 
to enter her bedroom. 


2 steps 


1. walte. forward 

2. wall?, forward 

3 . opeio-the bedrooru. door 

4 . walte forward 



algorithm 




Figure 5-1 A problem that requires the sequence structure only 

Figure 5-2 shows another problem specification and solution from Chapter 1. 
The solution in this figure contains both the sequence and selection structures. 
The selection structure’s condition, which is enclosed in parentheses in the 
pseudocode, directs Robin to make a decision about the status of her bedroom 
door. More specifically, she needs to determine whether her bedroom door is 
closed. The condition in a selection structure must be phrased so that it evalu¬ 
ates to a Boolean value: either true or false. In this case, either the bedroom door 



















Making Decisions 


is closed (true) or it’s not closed (false). If the door is closed, Robin needs to fol¬ 
low the ope ia, the bedroom, door instruction before walking into her bedroom. If 
the door is not closed, Robin can simply walk into her bedroom. The selection 
structure in Figure 5-2 is referred to as a single-alternative selection structure, 

because it requires a special action to be taken only when its condition evaluates 
to true. In this case, the special action is to opeio, the bedroom, door. 



Most program¬ 
mers use the 
s words if and eud 
if to denote the 
beginning and 
end, respectively, of a 
selection structure. 

They also indent the 
instructions within the 
selection structure. 



Figure 5-2 A problem that requires the sequence structure and a single-alternative 
selection structure 

Figure 5-3 shows another problem specification and illustration involving 
Robin, along with the correct solution. As the figure indicates, the solution 
does not require Robin to make any decisions in order to accomplish her tasks. 
She needs simply to lift the Trash container’s lid, drop the bag of trash in the 
container, and then put the lid back on the container. 


Robin is holding a bag of trash in her right hand. She is directly in front of two 
containers: one marked Trash and the other marked Recycle. A lid is on each 
container. Robin needs to lift the Trash container’s lid, then drop the bag of 
trash in the container, and then put the lid back on the container. 





1. lift the Trash torwta liter's Lid with your left h au,d 

2 . drop the bag of trash li/vthe Trash eowtaiwer 

3 . put the lid baole ow the Trash ooivtahver with ijour left hau,d 


Figure 5-3 Another problem that requires the sequence structure only 
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Figure 5-4 shows a modified version of the previous problem specification. 

In the modified version, the contents of the bag that Robin is holding are not 
certain: the bag might contain trash or it might contain recyclables. You can 
solve this problem using either of the solutions shown in Figure 5-4. The condi¬ 
tion in Solution l’s selection structure determines whether Robin is holding a 
bag of trash. If she is, she should follow the three instructions contained in the 
original algorithm from Figure 5-3. If she’s not, it means the bag contains recy¬ 
clables. In that case, Robin should lift the Recycle container’s lid before drop¬ 
ping the bag into the container and then replacing the lid. The condition in 
Solution 2’s selection structure, on the other hand, determines whether Robin 
is holding a bag of recyclables. If she is, the bag belongs in the Recycle con¬ 
tainer; if she’s not, it belongs in the Trash container. Unlike the selection struc¬ 
ture in Figure 5-2, which provides a special action for Robin to take only when 
the selection structure’s condition is true, the selection structures in Figure 5-4 
require Robin to perform one set of instructions when the condition is true but 
a different set of instructions when the condition is false. The instructions to 
follow when the condition evaluates to true are called the true path. The true 
path begins with the If and ends with either the else (if there is one) or the eu.d 
If. The instructions to follow when the condition evaluates to false are called 
the false path. The false path begins with the else and ends with the eu.d If For 
clarity, the instructions in each path should be indented as shown in Figure 5-4. 
Selection structures that contain instructions in both paths, like the ones in 
Figure 5-4, are referred to as dual-alternative selection structures. 


Robin is holding either a bag of trash or a bag of recyclables in her right hand. 
She is directly in front of two containers: one marked Trash and the other 
marked Recycle. A lid is on each container. Robin needs to lift the lid from the 
appropriate container, then drop the bag in the container, and then put the lid 
back on the container. 

Solution 1 

condition 


If (the bag coutaLu-s trash) 

— lift the Trash go u.tatimer's Ltd with gour Left hau-d 


— put the ltd bacte ou. the Trash GoiA.taLiA.er with your Lefthau.d 
else 

— lift the Recycle coutatu-er's ILd with your Left hau-d 


— put the lid bacte ou. the RecycLe cou.taLiA.er with your Left hau-d 
eu-d Lf 

Solution 2 

Lf (the bag cou-taLu-s recycLabLes) 

Lift the RecycLe cou-taLu-er's lid with your Left hau-d 
drop the bag of recy cLabLes Lu. the RecycLe cou.taLu.er 
put the lid ba&te du. the RecycLe cou.tai-u.er wLth ijour Left hau-d 
eLse 

lift the Trash cou-taLu-er's Ltd wLth ijour Left hau-d 
drop the bag of trash Lu. the Trash cou.taLu.er 
put the lid bacte ou. the Trash cou.taLu.er with your Left hau-d 
eu-d Lf 


false path 


drop the bag of recycLabLes Lu. the Recy cLe cou.taLu.er 


true path 


drop the bag of trash Lu. the Trash cou.taLu.er 


Figure 5-4 A problem that requires the sequence structure and a dual-alternative 
selection structure 


























Flowcharting a Selection Structure 


Flowcharting a Selection Structure 

As you learned in Chapter 2, many programmers use flowcharts (rather 
than pseudocode) when planning solutions to problems. Unlike pseudocode, 
which consists of short phrases, a flowchart uses standardized symbols 
to show the steps needed to accomplish a task. Figures 5-5 and 5-6 show 
two problem specifications along with the correct solutions in flowchart 
form. The flowchart in Figure 5-5 contains a single-alternative selection 
structure. You can tell that it’s a single-alternative selection structure because 
it requires a set of actions to be taken only when its condition evaluates to 
true. Figure 5-6’s flowchart contains a dual-alternative selection structure. 
You can tell that it’s a dual-alternative selection structure because it requires 
two different sets of actions: one to be taken only when its condition evalu¬ 
ates to true, and the other to be taken only when its condition evaluates to 
false. Recall that the oval in a flowchart is the start/stop symbol, the rectangle 
is the process symbol, and the parallelogram is the input/output symbol. 

The diamond in a flowchart is called the decision symbol, because it is used 
to represent the condition (decision) in both the selection and repetition 
structures. The diamonds in Figures 5-5 and 5-6 represent the condition in 
a selection structure. (You will learn how to use the diamond to represent a 
repetition structure’s condition in Chapter 7.) The condition in Figure 5-5’s 
diamond checks whether the customer purchased more than five items. It’s 
necessary to do this because the customer receives a 10% discount when 
more than five items are purchased. The condition in Figure 5-6’s diamond, 
on the other hand, determines whether Mary’s sales are at least $15000. In 
this case, the result (either true or false) determines whether Mary receives 
a 2% or 1.5% bonus. Notice that the conditions in both diamonds evalu¬ 
ate to either true or false only. Also notice that both diamonds have one 
flowline entering the symbol and two flowlines leaving the symbol. One 
of the flowlines leading out of a diamond in a flowchart should be marked 
with a “T” (for true) and the other should be marked with an “F” (for false). 
The “T” flowline points to the next instruction to be processed when the 
condition evaluates to true. In Figure 5-5, the next instruction calculates 
the 10% discount; in Figure 5-6, it calculates the 2% bonus. The “F” flowline 
points to the next instruction to be processed when the condition evaluates 
to false. In Figure 5-5, that instruction displays the total owed; in Figure 5-6, 
it calculates the 1.5% bonus. You also can mark the flowlines leading out of a 
diamond with a “Y” and an “N” (for yes and no). 
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Jerrili's Trading Store wants a program that allows a salesclerk to enter an item’s 
price and the quantity purchased by a customer. The store gives the customer a 10% 
discount when the quantity purchased is over 5. The program should calculate and 
display the total amount the customer owes. 



Figure 5-5 Flowchart showing a single-alternative selection structure 


Mary Kettleson wants a program that calculates and displays her annual bonus, given 
her annual sales amount. Mary receives a 2% bonus when her annual sales are at least 
$15000; otherwise, she receives a 1.5% bonus. 



Figure 5-6 Flowchart showing a dual-alternative selection structure 

































































Coding a Selection Structure in C++ 


Mini-Quiz 5-1 

1. Most programmers use the words_ 

of a selection structure in pseudocode. 


to denote the end 



The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


2. The true path in a selection structure can contain only one 
instruction. 

a. True 

b. False 



3. Which of the following is the decision symbol in a flowchart? 

a. diamond 

b. oval 

c. parallelogram 

d. rectangle 


Coding a Selection Structure in C++ 

In most C++ programs, you will use the i f statement to code a selection struc¬ 
ture. The statement’s syntax is shown in Figure 5-7. The square brackets in the 
syntax indicate that the el se portion, referred to as the else clause, is optional. 
Recall, however, that boldfaced items in a statement’s syntax are required. In 
this case, the keyword i f and the parentheses that surround the condition are 
required. The keyword el se is necessary only in a dual-alternative selection 
structure. Italicized items in the syntax indicate where the programmer must 
supply information. In the i f statement, the programmer must supply the 
condition that the computer needs to evaluate before further processing can 
occur. The condition must be a Boolean expression, which is an expression that 
results in a Boolean value (true or false). Besides providing the condition, the 
programmer must provide the statements to be processed in the true path and 
(optionally) in the false path. If a path contains more than one statement, the 
statements must be entered as a statement block, which means they must be 
enclosed in a set of braces ({}). Although not a requirement, it is a good pro¬ 
gramming practice to use a comment (such as //end i f) to mark the end of 
the i f statement in a program. The comment will make your program easier to 
read and understand. It also will help you keep track of the required i f and else 
clauses when you nest i f statements—in other words, when you include one i f 
statement inside another i f statement. You will learn how to nest i f statements 
in Chapter 6. The six examples in Figure 5-7 show various ways of using the i f 
statement to code selection structures. Examples 1 and 2 are single-alternative 
selection structures. The remaining four examples are dual-alternative selection 
structures. Notice that when a path contains multiple statements, the statements 
are entered as a statement block by enclosing them in braces. Although not 
shown in Figure 5-7, you also can include the braces even when a path contains 
only one statement. By doing this, you won’t need to remember to enter the 
braces when statements are added subsequently to the path. Forgetting to enter 
the braces is a common error made when typing the i f statement in a program. 


t C++ also 
provides the 
^ switch 

statement for 
coding a multiple- 
alternative selection 
structure. The switch 
statement is covered 
in Chapter 6. 

In an i f 
statement, you 
^ cannot have an 
el se clause 
without a 

matching i f clause. 
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one or more statements to be processed when the condition is true 

[else 


one or more statements to be processed when the condition is false] 
//end if 

Example 1—one statement in only the true path 

i f (condition ) 
one statement 
//end if 

Example 2—multiple statements in only the true path 

i f ( condition) 

{ 

multiple statements enclosed in braces 
} //end if 

Example 3—one statement in each path 

i f ( condition) 
one statement 
el se 

one statement 
//end if 

Example 4—multiple statements in the true path and one statement in the 

false path 
i f ( condition) 

{ 

multiple statements enclosed in braces 

} 

el se 

one statement 
//end if 

Example 5—one statement in the true path and multiple statements in the 

false path 
i f ( condition) 
one statement 
el se 
{ 

multiple statements enclosed in braces 
} //end if 

Example 6—multiple statements in both paths 

i f ( condition) 

{ 

multiple statements enclosed in braces 

} 

el se 
{ 

multiple statements enclosed in braces 
} //end if 


Figure 5-7 How to use the i f statement 


















Comparison Operators 


As mentioned earlier, an i f statement’s condition must be a Boolean 
expression, which is an expression that evaluates to either true or false. The 
expression can contain variables, constants, arithmetic operators, compari¬ 
son operators, and logical operators. You already know about variables, con¬ 
stants, and arithmetic operators. You will learn about comparison operators 
and logical operators in this chapter. 

Comparison Operators 

The C++ operators listed in Figure 5-8 are called comparison operators, 
because they are used to compare two values that have the same data type. 
The precedence numbers in the figure indicate the order in which the com¬ 
puter performs comparisons in an expression. Comparisons with a prece¬ 
dence number of 1 are performed before comparisons with a precedence 
number of 2; however, you can use parentheses to override the order of pre¬ 
cedence. Expressions containing a comparison operator always evaluate to a 
Boolean value: either true or false. Notice that four of the C++ comparison 
operators contain two symbols. When entering these operators, be sure you 
do not enter a space between the symbols and be sure to enter both symbols 
in the exact order shown in Figure 5-8. Also included in Figure 5-8 are exam¬ 
ples of using comparison operators in an i f statement’s condition. 


HOW TO Use Comparison Operators in an if State 

Operator 

Operation 

Precedence 

< 

less than 

1 

<= 

less than or equal to 

1 

> 

greater than 

1 

>= 

greater than or equal to 

1 

== 

equal to 

2 

J - 

not equal to 

2 

Examples (All 

of the variables have the i nt data tvoe.l 

if (quantity < 50) 


if (age >= 

25) 


if (onhand 

== target) 


if (quantity != 7500) 



Figure 5-8 How to use comparison operators in an i f statement’s condition 

As Figure 5-8 indicates, you use two equal signs (==) to test for equality in 
C++. To test for inequality, you use an exclamation point (which stands for 
not) followed by an equal sign, like this: ! =. Keep in mind that you should 
never use either the equality operator (==) or the inequality operator (! =) 
to compare two real numbers. Because some real numbers cannot be stored 
precisely in memory, the numbers should never be compared for equality 
or inequality. Instead, you should test that the difference between the real 
numbers you are comparing is less than some acceptable small value, such as 
.00001. You will learn how to determine whether two real numbers are equal 
in Computer Exercise 15 at the end of this chapter. 



Comparison 
operators also 
are referred to 
as relational 
operators. 


Keep in mind that 
== is the oppo¬ 
site of !=, > is 
the opposite of 
<=, and < is the 
opposite of >=. 


Numbers are 
compared using 
their binary 
equivalents. 
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When an expression contains more than one comparison operator with the 
same precedence number, the computer evaluates the comparison operators 
from left to right in the expression, similar to what is done with arithmetic 
operators. Comparison operators are evaluated after any arithmetic operators 
in an expression. For example, when processing the expression 5 - 2 > 1 + 2, 
the computer will evaluate the two arithmetic operators before it evaluates the 
comparison operator. The result of the expression is the Boolean value false, as 
shown in Figure 5-9. 


Original expression 

5-2 >1+ 2 

The subtraction is performed first 

3 > 1 + 2 

The addition is performed next 

3 > 3 

The > comparison is performed last 

false 


Figure 5-9 Evaluation steps for an expression containing arithmetic and comparison 
operators 

It is easy to confuse the equality operator (==) with the assignment operator 
(=). You use the equality operator to compare two values to determine 
whether they are equal, as in the condition in the following i f clause: i f 
(num == 1). You use the assignment operator, on the other hand, to assign 
a value to a memory location. An example of this is the statement num = 1;. 
In the next two sections, you will view programs that contain a comparison 
operator in an i f statement’s condition. 

Swapping Numeric Values 

Figure 5-10 shows the IPO chart information and C++ code for a program 
that displays the lowest and highest of two integers entered by the user. 

(The flowchart for this program is contained in the Ch5Flowcharts.pdf file, 
which is located in the Cpp6\Chap05 folder on your computer’s hard drive 
or on the device designated by your instructor.) The program contains a 
single-alternative selection structure. The firstNum > secondNum condi¬ 
tion in the i f clause compares the contents of the fi rstNum variable with 
the contents of the secondNum variable. If the value in the firstNum variable 
is greater than the value in the secondNum variable, the condition evaluates 
to true and the four instructions in the i f statement’s true path swap both 
values. Swapping the values places the smaller number in the firstNum vari¬ 
able and places the larger number in the secondNum variable. Notice that 
the four instructions in the true path are enclosed in braces. As you learned 
earlier, when more than one instruction needs to be processed when the i f 
statement’s condition is true, the C++ syntax requires those instructions 
to be entered as a statement block. If the condition in the i f clause in the 
program evaluates to false, the instructions in the true path are skipped over 
because the firstNum variable already contains a number that is smaller than 
(or possibly equal to) the number stored in the secondNum variable. 









Comparison Operators 


IPO chart information 

Incut 

first number 
second number 

C++ instructions 

int firstNum = 0; 
int secondNum = 0; 

Processing 

none 


OutDUt 

first number (lowest) 
sec.owd ww.rn.ber (highest) 


Algorithm 

1 . ewterthe first number 
and second number 

cout « "Enter an integer: 
cin » firstNum; 

cout « "Enter another integer: "; 
cin » secondNum; 

2 . If (the first number Is greater 
thaw the second ww.rn.ber) 

sway the ww.rn.bers so that 
the first ww.rn.ber Is the 
lowest wwmber 

Vend If 

if (firstNum > secondNum) 

{ 

int temp = 0; 
temp = firstNum; 
firstNum = secondNum; 
secondNum = temp; 

} //end if 

3 . display the first wwmber 
awd the second number 

cout « "Lowest: " « 
firstNum « endl ; 
cout « "Highest: " « 
secondNum « endl ; 



Figure 5-10 IPO chart information and C++ instructions for the swapping program 


Study closely the instructions used to swap the values stored in the firstNum 
and secondNum variables. The instructions are shaded in Figure 5-10. The first 
instruction, i nt temp = 0 declares and initializes a variable named temp. 
Because the temp variable is declared in the i f statement’s true path, it can be 
used only by the instructions within that path. More specifically, it can be used 
only by the instructions that follow the declaration statement within the true 
path. A variable that can be used only within the statement block in which it is 
defined is referred to as a local variable. In this case, the temp variable is local to 
the i f statement’s true path. You may be wondering why the temp variable was 
not declared at the beginning of the mai n function, along with the fi r stNum 
and secondNum variables. Although there is nothing wrong with declaring the 
temp variable in that location, there is no reason to create the variable until it is 
needed, which is only when a swap is necessary. The second instruction in the 
i f statement’s true path, temp = firstNum;, assigns the value in the fi rst- 
Num variable to the temp variable. If you do not store the fi rstNum variable’s 
value in the temp variable, the value will be lost when the computer processes 
the next statement, fi rstNum = secondNum ;, which replaces the contents of 
the fi rstNum variable with the contents of the secondNum variable. Finally, the 
secondNum = temp; instruction assigns the temp variable’s value to the sec¬ 
ondNum variable; this completes the swap. Figure 5-11 illustrates the concept of 
swapping, assuming the user enters the numbers 10 and 3. Figure 5-12 shows a 
sample run of the number swapping program. 
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firstNum 

secondNum 

temp 

values stored in the variables after the 
cinandint temp = 0; statements 
are processed 

10 

3 

0 

result of the temp = firstNum; 
statement 

10 

3 

10 

result of the firstNum = secondNum; 
statement 

3 

3 

10 

result of the secondNum = temp; 
statement 

\ 

r 

10 


Figure 5-11 Illustration of the swapping concept 


the values were 
swapped 



Figure 5-12 Sample run of the number swapping program 

Displaying the Sum or Difference 

Figure 5-13 shows the IPO chart information and C++ code for a program 
that displays either the sum of or difference between two numbers entered 
by the user. The program contains a dual-alternative selection structure. 

(The flowchart for this program is contained in the Ch5Flowcharts.pdf file, 
which is located in the Cpp6\Chap05 folder on your computer’s hard drive 
or on the device designated by your instructor.) The program uses an i nt 
variable named operati on and three doubl e variables named j anSal es, 
febSal es, and answer. The program prompts the user to enter either the 
number 1 (for addition) or the number 2 (for subtraction); it stores the user’s 
response in the operati on variable. The program then prompts the user 
to enter two sales amounts, which it stores in the j anSal es and f ebSal es 
variables. The operati on == 1 condition in the i f clause compares the 
contents of the operati on variable with the number 1. The condition will 
evaluate to true only when the user enters the number 1. It will evaluate to 
false when the user enters anything other than the number 1. If the condi¬ 
tion evaluates to true, the instructions in the selection structure’s true path 
calculate and display the sum of the sales amounts stored in the j anSal es 
and f ebSal es variables. If the condition evaluates to false, the instructions 
in the selection structure’s false path calculate and display the difference 
between the two sales amounts. Notice that the instructions in each path are 
entered as a statement block. Figure 5-14 shows a sample run of the sum or 
difference program. 




















Comparison Operators 


IPO chart information 
Input 

operation 
january sales 
February sales 

Processing 

none 

Output 

either the sum of or the difference 
between the January sales and 
February sales 

Algorithm 

l. enterthe operation,january sales, 
and February sales 


2. if (the operation is l) 

calculate the answer by 
addling theJanuary sales 
to the February sales 

disvlaiA "s>uvu:" and the answer 


else 

calculate the answer by 
subtracting the February sales 
from theJanuary sales 

display "Difference:" and 
the answer 
end If 


C++ instructions 

int operation = 0; 
double janSales = 0.0; 
double febSales = 0.0; 


double answer = 0.0; 


cout « "Enter 1 (add) or 

2 (subtract): "; 

cin » operation; 

cout « "January sales: "; 

cin » janSales; 

cout « "February sales: "; 

cin » febSales; 

if (operation == 1) 

{ 

answer = janSales + febSales; 


cout « "Sum: " « 
answer « endl; 


el se 
{ 

answer = janSales - febSales; 


cout « "Difference: " « 
answer « endl; 

} //end if 



Figure 5-13 IPO chart information and C++ instructions for the sum or difference program 



Figure 5-14 Sample run of the sum or difference program 
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The answers to 
Mini-Quiz 

s questions are 
located in 
Appendix A. 


2. Which of the following determines whether an i nt variable named 
quantity contains the number 100? 

a. if (quantity = 100) 

b. if quantity = 100 

c. if (quantity == 100) 

d. none of the above 

3. Which of the following determines whether the value contained in 
the sales variable is at least $300.99? 

a. if (sales >= 300.99) 

b. if (sales => 300.99) 

c. if (sales > = 300.99) 

d. both a and c 

4. Which of the following is the inequality operator in C++? 

a. &= 

b. * 

c. ! = 

d. none of the above 


Mini-Quiz 5-2 

1. You create a statement block by enclosing one or more statements 
in_. 

a. parentheses 

b. square brackets 

c. quotation marks 

d. none of the above 


Logical Operators 

You also can use logical operators in an i f statement’s condition. Logical 
operators allow you to combine two or more conditions, referred to as sub¬ 
conditions, into one compound condition. Logical operators sometimes are 
referred to as Boolean operators, because the compound condition in which 
they are contained always evaluates to either true or false only. Figure 5-15 
lists the two most commonly used logical operators: And and Or. When the 
And logical operator is used to create a compound condition, all of the sub¬ 
conditions must be true for the compound condition to be true. However, 
when the Or logical operator is used, only one of the sub-conditions must 
be true for the compound condition to be true. C++ uses special symbols to 
represent the And and Or logical operators in a program. The And operator 
in C++ is two ampersands (&&); the Or operator is two pipe symbols (| |). 











Logical Operators 


On most computer keyboards, the pipe symbol (|) is located on the same key 
as the backslash (\). Figure 5-15 also shows the order of precedence for the 
And and Or operators, as well as examples of using the operators in an i f 
statement’s condition. Notice that the compound condition in each example 
evaluates to either true or false only. Logical operators are evaluated after any 
arithmetic or comparison operators in an expression. 


HOW TO Use Logical Operators in an if Statement’s Condition 


Operator 

And (&&) 

Or(I I) 


Operation 

all sub-conditions must be true for the 
compound condition to evaluate to true 

only one of the sub-conditions needs 
to be true for the compound condition 
to evaluate to true 


Precedence number 

1 

2 


Example 1 

int quantity = 0; 
cin » quantity; 

if (quantity > 0 && quantity < 50) 

The compound condition evaluates to true when the number stored in the 
quanti ty variable is greater than zero and, at the same time, less than 50; 
otherwise, it evaluates to false. 


Example 2 
int age = 0; 
cin » age; 

if (age ==21 || age > 55) 

The compound condition evaluates to true when the number stored in the 
age variable is either equal to 21 or greater than 55; otherwise, it evaluates 
to false. 


Example 3 

int quantity = 0; 
double price = 0.0; 
cin » quantity; 
cin » price; 

if (quantity < 100 && price < 10.35) 

The compound condition evaluates to true when the number stored in the 
quanti ty variable is less than 100 and, at the same time, the number stored 
in the price variable is less than 10.35; otherwise, it evaluates to false. 

Example 4 

int quantity = 0; 
double price = 0.0; 
cin » quantity; 
cin » price; 

if (quantity > 0 && quantity < 100 || price > 34.55) 

The compound condition evaluates to true when either (or both) of the 
following is true: the number stored in the quantity variable is between 
0 and 100 or the number stored in the pri ce variable is greater than 
34.55; otherwise, it evaluates to false. (The && operator is evaluated before 
the | | operator, because it has a higher precedence.) 



Figure 5-15 How to use logical operators in an i f statement’s condition 
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As mentioned earlier, all expressions containing a logical operator result in 
an answer of either true or false only. The tables shown in Figure 5-16, called 
truth tables, summarize how the computer evaluates the logical operators 
in an expression. As the figure indicates, when you use the And operator to 
combine two sub-conditions (sub-conditionl && sub-condition2), the result¬ 
ing compound condition is true only when both sub-conditions are true. If 
either condition is false or if both conditions are false, then the compound 
condition is false. When you use the Or operator to combine two sub-condi¬ 
tions (sub-conditionl | | sub-condition2), the compound condition is false 
only when both sub-conditions are false. If either sub-condition is true or if 
both sub-conditions are true, then the compound condition is true. 


Truth table for 

the And (&&) operator 


sub-conditionl 

sub-condition2 

sub-conditionl && sub-condition2 

true 

true 

true 

true 

false 

false 

false 

true (not evaluated) 

false 

false 

false (not evaluated) 

false 

Truth table for 

the Or (11) operator 


sub-conditionl 

sub-condition2 

sub-conditionl | | sub-condition2 

true 

true (not evaluated) 

true 

true 

false (not evaluated) 

true 

false 

true 

true 

false 

false 

false 


Figure 5-16 Truth tables for the logical operators 

As indicated in Figure 5-16, when the computer evaluates the “sub-condi¬ 
tionl && sub-condition2” expression, it will not evaluate sub-condition2 
when sub-conditionl is false. Because both sub-conditions combined with 
the And operator need to be true for the compound condition to be true, 
there is no need to evaluate sub-condition2 when sub-conditionl is false. 
When the computer evaluates the “sub-conditionl | | sub-condition2” 
expression, on the other hand, it will not evaluate sub-condition2 when sub- 
conditionl is true. Because only one of the sub-conditions combined with 
the Or operator needs to be true for the compound condition to be true, 
there is no need to evaluate sub-condition2 when sub-conditionl is true. The 
concept of evaluating sub-condition2 based on the result of sub-conditionl is 
referred to as short-circuit evaluation. 


Notice that the 
values being 
= compared in 
each sub¬ 
condition have 
the same data type. 


Using the Truth Tables 

A program needs to calculate a bonus for each A-rated salesperson whose 
monthly sales total more than $5000. The program uses a char variable 
named rati ng and an i nt variable named sal es to store the salesperson’s 
rating and sales amount, respectively. Therefore, you can phrase sub-con¬ 
ditionl as rati ng == 'A' and phrase sub-condition2 as sales > 5000. 















Logical Operators 


Which logical operator should you use to combine both sub-conditions into 
one compound condition? You can use the truth tables from Figure 5-16 to 
help you answer this question. For a salesperson to receive a bonus, both 
sub-conditionl and sub-condition2 must be true at the same time. If either 
condition is false or if both conditions are false, then the compound condi¬ 
tion should be false and the salesperson should not receive a bonus. Accord¬ 
ing to the truth tables, both logical operators evaluate a compound condition 
as true when both sub-conditions are true. However, only the And operator 
evaluates a compound condition as false when either one or both of the sub¬ 
conditions are false. Therefore, the correct compound condition to use in this 
case is rating == 'A' && sales > 5000. 

Now assume you want to send a letter to all A-rated salespeople and all 
B-rated salespeople. If the rating is stored in the rati ng variable, you can 
phrase sub-conditionl as rati ng == ' A ' and phrase sub-condition2 as 
rating == ' B '. Now which logical operator should you use to combine 
both sub-conditions? At first it might appear that the And operator is the 
correct one to use, because the example says to send the letter to “all A-rated 
salespeople and all B-rated salespeople.” In everyday conversations, people 
sometimes use the word and when what they really mean is or. Although 
both words do not mean the same thing, using and instead of or generally 
does not cause a problem, because we are able to infer what another person 
means. Computers, however, cannot infer anything; they simply process 
the directions you give them, word for word. In this case, you actually want 
to send a letter to all salespeople with either an A or a B rating (a salesper¬ 
son can have only one rating), so you need to use the Or operator. As the 
truth tables indicate, the Or operator is the only operator that evaluates the 
compound condition as true when at least one of the sub-conditions is true. 
Therefore, the correct compound condition to use in this case is rati ng == 
'A' I| rating == ' B '. In the next two sections, you will view programs 
that contain a logical operator in an i f statement’s condition. 



Calculating Gross Pay 

A program needs to calculate and display an employee’s gross pay. To keep 
this example simple, no one at the company works more than 40 hours 
per week and everyone earns the same hourly rate, $10. Before making the 
gross pay calculation, the program should verify that the number of hours 
entered by the user is greater than or equal to 0 but less than or equal to 40. 
Programmers refer to the process of verifying that the input data is within 
the expected range as data validation. If the number of hours is valid, the pro¬ 
gram should calculate and display the gross pay. Otherwise, it should display 
an error message alerting the user that the number of hours is incorrect. 

You can use either of the examples in Figure 5-17 to code the program. Both 
examples contain a dual-alternative selection structure. Notice that the 
compound condition in Example 1 uses the And operator, whereas the com¬ 
pound condition in Example 2 uses the Or operator. Example l’s compound 
condition determines whether the value stored in the hoursWorked variable 
is greater than or equal to 0 and (at the same time) less than or equal to 40. If 
the compound condition evaluates to true, the selection structure both cal¬ 
culates and displays the gross pay; otherwise, it displays the “Incorrect num¬ 
ber of hours” message. Example 2’s compound condition determines whether 
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the value stored in the hoursWorked variable is either less than 0 or greater 
than 40. If the compound condition evaluates to true, the selection structure 
displays the “Incorrect number of hours” message; otherwise, it both calcu¬ 
lates and displays the gross pay. Both examples in Figure 5-17 produce the 
same results and simply represent two different ways of performing the same 
task. Figures 5-18 and 5-19 show sample runs of a program that contains the 
code shown in either of the examples in Figure 5-17. 


And operator 


Or operator 


Example 1 

//declare constant and variables 
const int PAY_RATE = 10; 
int hoursWorked = 0; 
int grossPay = 0; 

//enter input items 

cout « "Hours worked (0 through 40): 

cin » hoursWorked; 

//calculate and display output 
if (hoursWorked >= 0 && hoursWorked <= 40) 

{ 

grossPay = hoursWorked * PAY_RATE; 

cout « "Cross pay: $" « grossPay « endl; 

} 

el se 

cout « "Incorrect number of hours" « endl; 
//end if 

Example 2 

//declare constant and variables 
const int PAY_RATE = 10; 

int hoursWorked = 0; 

int grossPay = 0; 

//enter input items 

cout « "Hours worked (0 through 40): "; 
cin » hoursWorked; 

//calculate and display output 


if (hoursWorked < 0 || hoursWorked > 40) 

cout « "Incorrect number of hours" « endl; 

el se 

{ 

grossPay = hoursWorked * PAY_RATE; 

cout « "Cross pay: $" « grossPay « endl; 

} //end if 


Figure 5-17 Examples of C++ instructions for the gross pay program 
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Figure 5-18 First sample run of the gross pay program's code 



Figure 5-19 Second sample run of the gross pay program’s code 


Pass/Fail Program 

A program needs to display the word “Pass” when the user enters the letter 
P (in either uppercase or lowercase) and display the word “Fail” when the 
user enters anything else. You can use either of the examples in Figure 5-20 
to code the program. Both examples contain a dual-alternative selection 
structure. The compound condition in Example 1 uses the Or operator to 
determine whether the 1 etter variable contains either the uppercase let¬ 
ter P or the lowercase letter p. When the variable contains one of those two 
letters, the compound condition evaluates to true and the selection struc¬ 
ture displays the word “Pass” on the screen; otherwise, it displays the word 
“Fail”. You may be wondering why you need to compare the contents of the 
1 etter variable with both the uppercase and lowercase forms of the letter 
P. As is true in many programming languages, character comparisons in C++ 
are case sensitive, which means that the uppercase version of a letter is not 
the same as its lowercase counterpart. So, although a human being recog¬ 
nizes P and p as being the same letter, a computer does not; to a computer, 
a P is different from a p. You learned the reason for this differentiation in 
Chapter 3. Recall that each character on a computer keyboard is assigned a 
unique ASCII code, which is stored in the computer’s internal memory using 
a group of Os and Is. The ASCII code for the uppercase letter P is 80 and is 
stored using the eight bits 01010000. The ASCII code for the lowercase let¬ 
ter p, on the other hand, is 112 and is stored using the eight bits 01110000. 
Instead of using the Or operator to determine whether the 1 etter variable 
contains either P or p, you also can use the And operator, as shown in Exam¬ 
ple 2 in Figure 5-20. The compound condition in the second example deter¬ 
mines whether the value in the 1 etter variable is not equal to the uppercase 
letter P and (at the same time) not equal to the lowercase letter p. When the 
variable does not contain either of those two letters, the compound condi¬ 
tion evaluates to true and the selection structure displays the word “Fail” 
on the screen; otherwise, it displays the word “Pass” Figures 5-21 and 5-22 
show sample runs of a program that contains the code shown in either of the 
examples in Figure 5-20. 


As you learned 
in Chapter 3, 
s character literal 
constants are 
enclosed in 

single quotation marks, 
like this: 'P'. String literal 
constants are enclosed 
in double quotation 
marks, like this: “Pass”. 


The full ASCII 
chart is con- 
= tained in Appen¬ 
dix C in this 
book. 
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Or operator 


And operator 


Example 1 

//declare variable 
char 1etter = ' '; 

//enter input item, then display message 
cout « "Enter a letter: 
cin » letter; 


if (letter == 'P' || letter == 'p') 
cout « "Pass" « endl; 

el se 

cout « "Fail" « endl; 

//end if 

Example 2 

//declare variable 
char 1etter = ' '; 

//enter input item, then display message 
cout « "Enter a letter: "; 
cin » letter; 


if (letter != 'P' && letter != 'p') 
cout « "Fail" « endl; 

el se 

cout « "Pass" « endl; 

//end if 


Figure 5-20 Examples of C++ instructions for the Pass/Fail program 



Figure 5-21 First sample run of the Pass/Fail program’s code 



Figure 5-22 Second sample run of the Pass/Fail program’s code 


































Logical Operators 


Figure 5-23 shows the order of precedence for the arithmetic, comparison, 
and logical operators you have learned so far. Recall that operators with the 
same precedence number are evaluated from left to right in an expression. 
Notice that logical operators are evaluated after any arithmetic operators or 
comparison operators in an expression. As a result, when the computer pro¬ 
cesses the expression 30 > 75 / 3 && 5 < 10 * 2, it evaluates the arithmetic 
operators first, followed by the comparison operators, followed by the logical 
operator. The expression evaluates to true, as shown in the example included 
in Figure 5-23. 



Operator 

Operation 

Precedence number 

0 

override normal precedence rules 

1 

- 

negation (reverses the sign of a number) 

2 

*,/,% 

multiplication, division, and modulus 
arithmetic 

3 

+, - 

addition and subtraction 

4 

A 

A 

II 

V 

V 

= less than, less than or equal to, greater 

than, greater than or equal to 

5 

= = , ! = 

equal to, not equal to 

6 

And (&&) 

all sub-conditions must be true for the 
compound condition to evaluate to true 

7 

Or (| |) 

only one of the sub-conditions needs to 
be true for the compound condition to 
evaluate to true 

8 

Example 



Original expression 30 > 75 / 3 && 5 < 10 * 2 

75 / 3 is performed first 30 > 25 && 5 < 10 * 2 

10 * 2 is evaluated second 30 > 25 && 5 < 20 

30 > 25 is evaluated third true && 5 < 20 

5 < 20 is evaluated fourth true && true 

true && true is evaluated last true 


Figure 5-23 

Listing and an example of arithmetic, comparison, and logical operators 


Mini-Quiz 5-3 


1. The compound condition true || fal se will evaluate 
to_. 


The answers 
to Mini-Quiz 
questions are 
located in 
Appendix A. 


2. The compound condition 7 > 3 && 5 < 2 will evaluate 
to_. 

The compound condition 5 * 4 < 20 | | fal se will evaluate 
to_. 


3 . 
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4. Which of the following i f clauses determines whether the value in an 
i nt variable named age is between 30 and 40, including 30 and 40? 

a. if (age <=30 | | age >= 40) 

b. if (age >= 30 && age <= 40) 

c. if (age >=30 && <= 40) 

d. if (age <=30 | | >= 40) 


5. Which of the following i f clauses determines whether a char vari¬ 
able named code contains the letter R (in any case)? 


a. 

if (code == 'R' 

| code 

II 

II 

“5 

b. 

if (code = 'R' | 

| code = 

= 'r') 

c. 

if (code == "R" 

|| code 

== "r") 

d. 

none of the above 




Some 

programmers 
s pronounce char 
as “care” 
because it is 

short for character, while 
others pronounce char 
as in the first syllable of 
the word charcoal. 


Converting a Character to Uppercase 
or Lowercase 

Earlier, in Figure 5-20, you viewed two examples of C++ code for the Pass/ 
Fail program. In both examples, the i f clause contains a compound condi¬ 
tion that compares the character stored in the letter variable with both the 
uppercase and lowercase forms of the letter P. However, that is not the only 
way of comparing a variable’s contents to both versions of a letter; you also 
can use either of the following C++ built-in functions: toupper or tol ower. 
The toupper function temporarily converts a character to uppercase, while 
the tolower function converts it to lowercase. Figure 5-24 shows each func¬ 
tion’s syntax. An item that appears between parentheses in a function’s syn¬ 
tax is called an argument, and it represents information that the function 
needs to perform its task. In this case, the toupper and tolower functions 
need the name of a variable whose data type is char. Both functions copy 
the character stored in the charVariable to a temporary location in the com¬ 
puter’s internal memory. The functions convert the temporary character to 
the appropriate case (if necessary) and then return the temporary character. 
Keep in mind that the toupper and tol ower functions do not change the 
contents of the charVariable; they change the contents of the temporary 
location only. In addition, the toupper and tol ower functions affect only 
characters that represent letters of the alphabet, as these are the only charac¬ 
ters that have uppercase and lowercase forms. Also included in Figure 5-24 
are examples of using the toupper and tol ower functions. When using the 
toupper function in a comparison, be sure that everything you are compar¬ 
ing is uppercase; otherwise, the comparison will not evaluate correctly. For 
instance, the clause i f (toupper (1 etter) == ' p ') is not correct: the 
condition will always evaluate to false, because the uppercase version of a let¬ 
ter will never be equal to its lowercase counterpart. Likewise, when using the 
tol ower function in a comparison, be sure that everything you are compar¬ 
ing is lowercase. 
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HOW TO Use the toupper and tolower Functions 


Syntax 

toupper (charVariable) 
tolower( charVariable) 

Example 1 

if (toupper(letter) == 'P') 

The condition compares the uppercase character returned by the toupper 
function with the uppercase letter P. The condition evaluates to true when 
the character stored in the letter variable is either P or p. 

Example 2 

if (tolower(letter) == 'p') 

The condition compares the lowercase character returned by the tolower 
function with the lowercase letter p. The condition evaluates to true when the 
character stored in the letter variable is either P or p. 

Example 3 

initial = toupper(initial); 

The assignment statement changes the contents of the initial variable to 
uppercase. 



Figure 5-24 Flow to use the toupper and tolower functions 


Formatting Numeric Output 

In a C++ program, numbers with a decimal place are displayed in either 
fixed-point or e (exponential) notation, depending on the size of the number. 
Recall that a number with a decimal place is called a real number. Smaller 
real numbers—those containing six or fewer digits to the left of the deci¬ 
mal point—usually are displayed in fixed-point notation. For example, the 
number 1,234.56 would be displayed in fixed-point notation as 1234.560000. 
Larger real numbers—those containing more than six digits to the left 
of the decimal point—typically are displayed in e notation. The number 
1,225,000.00, for example, would be displayed in e notation as 1.225e+006. 
The type of program you are creating determines the appropriate format 
to use when displaying numbers with a decimal place. Business programs 
usually display real numbers in fixed-point notation, while many scientific 
programs use e notation. C++ provides stream manipulators that allow you 
to control the format used to display real numbers. You use the fixed stream 
manipulator to display real numbers in fixed-point notation. To display 
real numbers in e notation, you use the scientific stream manipulator. The 
appropriate manipulator must appear in a cout statement, and it must be 
processed before the real numbers you want formatted are displayed. After 
being processed, the manipulator remains in effect either until the end of the 
program or until the computer encounters another manipulator that changes 
the format, whichever occurs first. Figure 5-25 shows examples of using both 
manipulators. As the examples indicate, a stream manipulator can appear by 
itself in a cout statement; or, it can be included with other information in a 
cout statement. 
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HOWTO Use the fixed and scientific Stream Manipulators 


| 142 


Example 1 

double sales = 10575.25; 

cout « fixed; 

cout « sales « endl; 


Result 


displays 10575.250000 


Example 2 

double rate = 5.12345623; 
cout « fixed « rate « endl; 


displays 5.123456 


Example 3 

double rate = 5.123456932; 
cout « fixed « rate « endl; 


displays 5.123457 


Example 4 

double sales = 10575.25; 

cout « scientific « sales « endl; displays 1.057525e+004 

Figure 5-25 How to use the fixed and sci enti fic stream manipulators 

Study closely the examples in Figure 5-25. Notice that the code in Example 1 
displays 10575.250000 rather than 10575.25. This is because all real numbers 
formatted by the fixed stream manipulator will have six digits to the right of 
the decimal point. If the unformatted number contains less than six decimal 
places, the fixed stream manipulator pads the number with zeros until it has 
six decimal places. The number 10575.25, for instance, is padded with four 
zeros to make 10575.250000. If the unformatted number contains more than 
six decimal places, the additional decimal places are truncated (dropped off). 
Before the truncation occurs, however, the number in the sixth decimal place 
is either rounded up one number or left as is, depending on the value of the 
numbers being truncated. For example, when the rate variable contains the 
number 5.12345623, as it does in Example 2, the cout statement displays the 
number 5.123456. Notice that the digits 2 and 3, which occupy the seventh 
and eighth decimal places in the number 5.12345623, are truncated. Also 
notice that the number in the sixth decimal place (6) remains the same; no 
rounding occurs because the value of the remaining numbers (23) is less than 
50. However, when the rate variable contains the number 5.123456932, 
as it does in Example 3, the cout statement displays 5.123457. In this case, 
the digits in the seventh, eighth, and ninth decimal places (9, 3, and 2) are 
truncated. However, because the value of those numbers (932) is greater 
than 500, the number in the sixth decimal place (6) is rounded up to 7. The 
cout « scientific « sales « endl ; statement in Example 4 
displays the contents of the sales variable in e notation; the result is 
1.057525e+004. 

In most programs, especially business programs, numeric output is dis¬ 
played with either zero or two decimal places. Rarely does a program require 
numbers to be displayed with the six decimal places you get from the fixed 
stream manipulator. You can use the C++ setprecision stream manipulator 
to control the number of decimal places that appear when a real number is 
displayed. The definition of the setpreci si on manipulator is contained 
in the iomanip file, which comes with your C++ compiler. (The “io” stands 
for “input/output”.) For a program to use the setpreci si on manipulator, 
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it must contain the #i ncl ude <i omani p> directive. Figure 5-26 shows the 
setpreci si on manipulator’s syntax. The numberOfDecimalPlaces argu¬ 
ment in the syntax is an integer that specifies the number of decimal places 
to include when displaying a real number. The setpreci si on manipulator 
remains in effect either until the end of the program or until the computer 
encounters another setpreci si on manipulator. Also included in Figure 
5-26 are examples of using the setpreci si on manipulator in a C++ state¬ 
ment. As Example 2 shows, you can include the setpreci si on and fixed 
manipulators in the same statement. 



HOWTO Use the setpreci si on Stream Manipulator 
Syntax 

setprecision InumberOfDecimalPlaces) 


Example 1 

double sales = 3500.6; 
cout « fixed; 
cout « setprecision(2); 
cout « sales « endl; 

Example 2 

double rate = 10.0732; 
cout « fixed « setprecision(3); 
cout « rate « endl; displays 10.073 

Example 3 

double sales = 3467.55; 
cout « fixed; 

cout « setpreci si on(0) « sales; displays 3468 


Result 


displays 3500.60 


Stream manipula¬ 
tors with argu¬ 
es ments (such as 
setprecision) 
are defined in the 
iomanip file. Stream 
manipulators that do not 
have arguments (such as 
fixed and scientific) 
are defined in the 
iostream file. 



Figure 5-26 How to use the setpreci si on stream manipulator 


Mini-Quiz 5-4 

1. Which of the following tells the computer to display real numbers in 
fixed-point notation with two decimal places? 

a. cout « fixed « decimal (2); 

b. cout « fixedPoint « precision(2) ; 

c. cout « fixedPoint « setdecimal (2) ; 

d. cout « fixed « setprecision(2) ; 


2. Which of the following changes the contents of a char variable 
named 1 etter to lowercase? 

a. tolower(letter) = letter; 

b. letter == tolower(letter); 

c. letter = tolower(letter) ; 

d. tolower(' 1 etter') ; 


The answers 
to Mini-Quiz 
= questions are 
located in 
Appendix A. 
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3. If the num variable contains the number 34.65, the cout « fixed 
« num; statement will display the number as_. 

a. 34.65 

b. 34.650 

c. 34.6500 

d. 34.650000 


The answers to 
the labs are 
s located in 
Appendix A. 



AB 5-1 Stop and Analyze 


Study the program shown in Figure 5-27, and then answer the 
questions. 


1 //Lab5-l.cpp - displays an employee's new salary 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 double salary =0.0; 

11 double rate =0.0; 

12 char payCrade = ' ' ; 

13 

14 cout « "Current salary: 

15 cin » salary; 

16 cout « "Pay grade (1, 2, or 3): 

17 cin » payGrade; 

18 

19 if (payGrade == '1') 

20 rate = .03; 

21 else 

22 rate = .02; 

23 //end if 

24 

25 salary = salary + salary * rate; 

26 cout « fixed « setprecision(2) ; 

27 cout « "New salary: " « salary « endl; 

28 

29 system("pause"); 

30 return 0; 

31 } //end of main function 


Figure 5-27 Program for Lab 5-1 
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QUESTIONS 

What rate will be assigned to the rate variable when the user enters 
the following pay grades: 1, 3, and 5? 

. Why is the directive on Line 5 necessary? 

. Why is the 1 in the i f statement’s condition on Line 19 enclosed in 
single quotation marks? 

4 . How would you rewrite the i f statement on Lines 19 through 23 to 
use the ! = operator in the condition? 

5 . How else could you write the sal ary = salary + salary * 
rate ; statement? 

6 . What changes would you need to make to the program so that it 
doesn’t use the rate variable? 




,AB 5-2 Plan and Create 


In this lab, you will plan and create an algorithm for the man¬ 
ager of Willow Springs Health Club. The problem specification is 
shown in Figure 5-28. 


The manager of Willow Springs Health Club wants a program that allows her to 
enter the number of calories and grams of fat contained in a specific food. The 
program should calculate and display two values: the food’s fat calories and 
its fat percentage. The fat calories are the number of calories attributed to fat. 
The fat percentage is the ratio of the food’s fat calories to its total calories. You 
can calculate a food’s fat calories by multiplying its fat grams by the number 9, 
because each gram of fat contains 9 calories. To calculate the fat percentage, 
you divide the food’s fat calories by its total calories and then multiply the result 
by 100. The fat percentage should be displayed with zero decimal places. The 
program should display an appropriate error message if either or both input 
values are less than zero. 


Figure 5-28 Problem specification for Lab 5-2 

First, analyze the problem, looking for the output first and then for the input. 
In this case, the user wants the program to display a food’s fat calories and its 
fat percentage. To calculate these values, the computer will need to know the 
food’s total calories and its grams of fat; both of these items will be entered 
by the user. Next, plan the algorithm. As you know, most algorithms begin 
with an instruction to enter the input items into the computer, followed by 
instructions that process the input items, typically including the items in one 
or more calculations. Most algorithms end with one or more instructions 
that display, print, or store the output items. Figure 5-29 shows the com¬ 
pleted IPO chart for the health club problem. 
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Input Processing Output 

total calories Processing Items.: noM fat calories, 

grams of fat fat percentage (o decimal 

•plates) 

Algorithm.: 

1. enter the total calories and gram.s of fat 

2 . If (both the total calories and grams of 
fat are greatertkan or equal to zero) 

calculate fat calories by multiplying 
grams of fat byj) 

calculate fat percentage by dividing 
fat calories by total calories and then 
multiplying the result by 100 

display the fat calories and fat 
percentage 
else 

display an error message 
end If 


Figure 5-29 Completed IPO chart for the health club problem 

After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You will 
desk-check the health club algorithm three times. For the first desk-check, 
you will use 150 as the total calories and 6 as the grams of fat; the fat calories 
and fat percentage should be 54 and 36%, respectively. For the second desk- 
check, you will use 105 as the total calories and 2 as the grams of fat. Using 
this data, the fat calories and fat percentage should be 18 and 17%, respec¬ 
tively. For the third desk-check, you will use 100 as the total calories and 
-3 as the grams of fat. Using this data, the program should display an error 
message. Figure 5-30 shows the completed desk-check table. Notice that the 
amounts in the fat calories and fat percentage columns agree with the results 
of the manual calculations. 


total calories 

grains of fat 

fat calories 

fat perc.eiA.tage 

±50 


50 



2 

IS 


1 00 

-3 




Figure 5-30 Completed desk-check table for the health club algorithm 

The fourth step in the problem-solving process is to code the algorithm 
into a program. You begin by declaring memory locations that will store 
the values of the input, processing (if any), and output items. The health 
club problem will need four memory locations to store the input and out¬ 
put items. The input items (total calories and grams of fat) will be stored in 
variables, because the user should be allowed to change the value of those 
items during runtime. The output items (fat calories and fat percentage) also 
will be stored in variables, because their values are based on the current val¬ 
ues of the input items. The total calories, grams of fat, and fat calories will 
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be integers; therefore, you will store those values in i nt variables. You will 
store the fat percentage in a doubl e variable, because its value will be a real 
number. Figure 5-31 shows the input, processing, and output items from the 
IPO chart, along with the corresponding C++ instructions. Pay particular 
attention to the shaded statement, which calculates the fat percentage. The 
statement uses the stati c_cast operator to convert the integers stored in 
the f atCal s and total Cal s variables to doubl e numbers before perform¬ 
ing the division operation. As you learned in Chapter 4, the stati c_cast 
operator ensures that the quotient obtained when dividing one i nt variable 
by another i n t variable is a real number rather than an integer. Although 
the statement converts the contents of both i nt variables to doubl e, recall 
that only one of the two integers involved in a division operation needs to be 
converted. As a result, you also can write the division part of the statement 
as either stati c_cast<doubl e>(f atCal s) / total Cal s or f atCal s / 
static_cast<double>(total Cals). 



IPO chart information 

Input 

C++ instructions 

total calories, 

int total Cals = 0; 

grams of fat 

int fatGrams = 0; 

Processing 


MlAt 


Output 


fat calories, 

int fatCals = 0; 

fat-percentage (o decimal -places) 

double fatPercent = 0.0; 

Algorithm 

l. enter the total calories and grams 

cout « "Total calories: 

of fat 

cin » total Cals; 

cout « "Crams of fat: "; 

cin » fatGrams; 

2 . if (both the total calories and grams 

if (totalCals >= 0 && fatGrams >= 0) 

of fat are greater than or equ.nl to zero) 

{ 

calculate fat calories by multi-plying 
grams of fat byj) 

fatCals = fatGrams * 9; 

calculate fat -percentage by dividing 
fat calories by total on lories and then 
multiply ing the result by too 

fatPercent = 

static_cast<double>(fatCals) / 

static_cast<double>(total Cals) 

* 100; 

display fat calories and fat -percentage 

cout « "Fat calories: " « 
fatCals « endl; 

cout « fixed « setprecision(O) ; 
cout « "Fat percentage: " « 
fatPercent « "%" « endl; 

} 

el se 

else 

display ai/b error ruessaye 
ei/bd i~f 

cout « "Input error" « endl; 
//end if 


Figure 5-31 IPO chart information and C++ instructions for the health club problem 
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The fifth step in the problem-solving process is to desk-check the program. 
You begin by placing the names of the declared variables and named con¬ 
stants (if any) in a new desk-check table, along with their initial values. You 
then desk-check the remaining C++ instructions in order, recording in the 
desk-check table any changes made to the variables. Figure 5-32 shows the 
completed desk-check table for the program. The results agree with those 
shown in the algorithm’s desk-check table in Figure 5-30. 



Figure 5-32 Completed desk-check table for the health club program 

The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Lab5-2 Project and save it in the Cpp6\Chap05 
folder. Enter the instructions shown in Figure 5-33 in a source file named 
Lab5-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\Chap05 folder. Now, follow the appropriate instruc¬ 
tions for running the Lab5-2.cpp file. Use the sample data from Figure 5-32 
to test the program. If necessary, correct any bugs (errors) in the program. 


1 //Lab5-2.cpp - displays a food's fat calories and fat percentage 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 //declare variables 

11 int total Cals =0; 

12 int fatGrams =0; 

13 int fatCals = 0; 

14 double fatPercent =0.0; 

15 


Figure 5-33 Health club program (continues) 
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(continued) 


16 

//enter input items 


17 

cout « "Total calories: 


18 

cin » total Cals; 


19 

cout « "Grams of fat: 


20 

cin » fatGrams; 


21 

22 

//determine whether the data is valid 


23 

if (totalCals >= 0 && fatGrams >= 0) 


24 

{ 


25 

//calculate and display the output 


26 

fatCals = fatGrams * 9; 


27 

fatPercent = static_cast<double>(fatCal 

s) 

28 

/ static_cast<double>(totalCals) 

* 100; 

29 

30 

cout « "Fat calories: " « fatCals « 

endl; 

31 

cout « fixed « setprecision(0) ; 


32 

cout « "Fat percentage: " « fatPercent « « endl; 

33 

} 


34 

el se 



B5 cout « "Input error" « 

B6 //end if 

37 

38 system("pause"); - 

39 return 0; 

40 } //end of main function 


end!; 


If your C++ development 
tool does not require this 
statement, either omit it 
or make it a comment. 



Figure 5-33 Health club program 



1 


AB 5-3 Modify 


If necessary, create a new project named Lab5-3 Project. Enter (or 
copy) the Lab5-2.cpp instructions into a new source file named 
Lab5-3.cpp. Currently, the i f statement’s true path handles valid 
data, while its false path handles invalid data. Modify the i f statement so 
that invalid data is handled in the true path and valid data is handled in the 
false path. Also be sure to change Lab5-2.cpp in the first comment to Lab5-3. 
cpp. Use the sample data from Figure 5-32 to test the program. 





AB 5-4 Desk-Check 


Desk-check the code shown in Figure 5-34 using the letter P. 
Although the code displays the appropriate message, it is 
considered inefficient. Why? How can you fix the code to make it 
more efficient? 
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//declare variable 
char 1etter = ' '; 


//enter input item, then display message 
cout « "Enter a letter: 
cin » letter; 


if (letter == 'P' 

letter == 

cout « "Pass" 

« endl; 

//end if 


if (letter != 'P' 

|| letter != 

cout « "Fail" 

« endl; 

//end if 



'P') 


V) 


Figure 5-34 Code for Lab 5-4 



,AB 5-5 Debug 


Follow the instructions for starting C++ and opening the 
Lab5-5.cpp file. Test the program using codes of 1, 2, and 3. 
Debug the program. 


Summary 

• You use the selection structure when you want a program to make a deci¬ 
sion before selecting the next instruction to process. 

• Studying the problem specification will help you determine whether a 
solution requires a selection structure. 

• A selection structure’s condition must evaluate to either true or false. In 
both single-alternative and dual-alternative selection structures, the special 
instructions to follow when the structure’s condition is true are placed in 
the structure’s true path. In a dual-alternative selection structure, the special 
instructions to follow when the structure’s condition is false are placed in 
the structure’s false path. You should indent the instructions in both paths. 

• A diamond is used to represent a selection structure’s condition in a flow¬ 
chart. The diamond is called the decision symbol. Each selection structure 
diamond has one flowline entering the symbol and two flowlines leaving the 
symbol. One of the flowlines leading out of a diamond should be marked 
with a “T” (for true) and the other should be marked with an “F” (for false). 

• In most C++ programs, you will use the i f statement to code a selection 
structure. The statement’s condition must evaluate to either true or false. 

• If either an i f statement’s true path or its false path contains more than 
one statement, the statements in the path must be entered as a statement 
block, which means the statements must be enclosed in a set of braces ({}). 
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• It is a good programming practice to include a comment (such as 
//end i f) to identify the end of an i f statement in a program. 

• You use comparison operators to compare values in expressions. Expres¬ 
sions containing comparison operators always evaluate to either true or 
false. If more than one comparison operator with the same precedence 
number appears in a C++ expression, the computer evaluates those opera¬ 
tors from left to right in the expression. 

• You shouldn’t use either the equality operator (==) or the inequality opera¬ 
tor (! =) to compare two real numbers, because not all real numbers can be 
stored precisely in memory. 

• A memory location declared in an i f statement’s true path can be used 
only by the instructions following the declaration statement within the 
true path. Likewise, a memory location declared in an i f statement’s false 
path can be used only by the instructions following the declaration state¬ 
ment within the false path. 

• The And and Or logical operators are represented in C++ by the sym¬ 
bols && and | |, respectively. All expressions containing a logical operator 
evaluate to either true or false. 

• In an expression, arithmetic operators are evaluated first, followed by 
comparison operators, followed by logical operators. 

• Character comparisons in C++ are case sensitive. 

• C++ provides the toupper and tolower built-in functions for temporar¬ 
ily converting a character to uppercase and lowercase, respectively. 

• C++ provides the fixed and sci enti fic stream manipulators for format¬ 
ting the display of real numbers. It provides the setpreci si on stream 
manipulator for controlling the number of decimal places that appear 
when a real number is displayed. The fixed and sci enti fic stream 
manipulators are defined in the iostream file. The setpreci si on stream 
manipulator is defined in the iomanip file. 

Key Terms 

Argument— an item that appears between the parentheses that follow a func¬ 
tion’s name; represents information that the function needs to perform its 
task 

Boolean operators —another term for logical operators 

Comparison operators —operators used to compare values having 
the same data type in an expression; also called relational operators; 

<, <=, >, >=, ==, ! = 

Data validation —the process of verifying that a program’s input data is within 
the expected range 

Decision symbol —the diamond in a flowchart; used to represent the condi¬ 
tion in either a selection or repetition structure 

Dual-alternative selection structures— selection structures that contain 
instructions in both their true and false paths 
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False path— contains the instructions to be processed when a dual¬ 
alternative selection structure’s condition evaluates to false 

fixed stream manipulator —the manipulator used to display real numbers in 
fixed-point notation 

Local variable —a variable declared within a statement block; can be used 
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only by the instructions within the statement block in which it is declared, 
and the instructions must appear after the declaration statement 


Logical operators —operators used to combine two or more sub-conditions 
into one compound condition; also called Boolean operators 

scientific stream manipulator— the manipulator used to display real num¬ 
bers in scientific (e) notation 

Selection structure —one of the three control structures; tells the computer 
to make a decision before selecting the next instruction to process; also 
called the decision structure 

setprecision stream manipulator —the manipulator used to control the 
number of decimal places that appear when a real number is displayed 

Short-circuit evaluation —refers to the way the computer evaluates two sub¬ 
conditions connected by a logical operator; when the logical operator is And, 
the computer does not evaluate sub-condition2 when sub-conditionl is false; 
when the logical operator is Or, the computer does not evaluate sub-condi- 
tion2 when sub-conditionl is true 

Single-alternative selection structure —a selection structure that requires a 
special action to be taken only when the structure’s condition is true 

Statement block —one or more instructions enclosed in a set of braces ({}) 

tol ower function —temporarily converts a character to lowercase 

toupper function —temporarily converts a character to uppercase 

True path— contains the instructions to be processed when a selection struc¬ 
ture’s condition evaluates to true 

Truth tables —tables that summarize how the computer evaluates the logical 
operators in an expression 


Review Questions 


1. If an i f statement’s false path contains the statement i nt sum = 0;, 
where can the sum variable be used? 

a. in any instruction after the declaration statement in the entire 


program 


b. in any instruction after the declaration statement in the i f statement 

c. in any instruction after the declaration statement in the i f state¬ 
ment’s false path 

d. none of the above, because you can’t declare a variable in an i f 
statement’s false path 
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2. Which of the following is a valid i f clause? (The sales variable has 
the doubl e data type.) 

a. if (sales > 500.0 && < 800.0) 

b. if (sales > 500.0 | | < 800.0) 

c. if (sales > 500.0 And sales < 800.0) 

d. if (sales > 500.0 && sales < 800.0) 

3. Which of the following conditions results in true when the i ni ti al 
variable contains the letter A in either uppercase or lowercase? 

a. if (initial = 'A' | | initial = 'a') 

b. if (initial == 'A' | | initial == 'a') 

c. if (initial = 'A' | | initial = 'a') 

d. if (initial == 'A' && initial = 'a') 

4. The expression 3 < 6 && 7 < 4 evaluates to_. 

a. true 

b. false 

5. The computer will perform short-circuit evaluation when processing 
which of the following i f clauses? 

a. if (3 * 2 < 4 && 5 > 3) 

b. if (6 < 9 | | 5 > 3) 

c. if (12 > 4 * 4 && 6 > 2) 

d. all of the above 

6. If an expression does not contain any parentheses, which of the fol¬ 
lowing operators is performed first in the expression? 

a. arithmetic 

b. comparison 

c. logical 

d. you can’t tell without seeing the expression 

7. The expression 4*3<6 + 7&&7<6 + 9 evaluates 

to_. 


a. true 

b. false 
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8. Which of the following compares the contents of an i nt variable 
named quanti ty with the number 5? 

a. if (quantity = 5) 

b. if (quantity == 5) 

c. if (quantity * 5) 

d. if (quantity =! 5) 


9. Which of the following is required in a program that uses the 
setprecision stream manipulator? 

a. #include <iostream> 

b. #include <setprecision> 

c. #include <i omani p> 

d. #include <manipulators> 


10. Which of the following tells the computer to display real numbers in 
fixed-point notation with no decimal places? 


a. 

cout 

« 

fixed 

« 

decimal(0); 

b. 

cout 

« 

fixed 

« 

precision(0) ; 

c. 

cout 

« 

fixed 

« 

setprecision(0) ; 

d. 

cout 

« 

fixed 

« 

setdecimal(0); 


Exercises 


TRY THIS 



Pencil and Paper 


1. Write the C++ code to compare the contents of an i nt variable 
named quantity with the number 10. If the variable’s value is 
equal to 10, display the “Equal” message; otherwise, display the “Not 
equal” message. (The answers to TRY THIS Exercises are located at 
the end of the chapter.) 


TRY THIS 


2. Write the C++ code that corresponds to the partial flowchart shown 
in Figure 5-35. Use i nt variables named sol d and bonus. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 








Exercises 



Figure 5-35 


3. Complete TRY THIS Exercise 1, and then modify the code so that the MODIFY THIS 
true path displays “Not equal” and the false path displays “Equal”. 

4. Write the C++ code to display the message “Entry error” when the con- INTRODUCTORY 
tents of the units variable is less than or equal to 0. Otherwise, calcu¬ 
late the total owed by multiplying the uni ts variable’s value by 5. Store 

the total owed in the total variable, and then display the total owed. 

5. A program stores sales amounts in two doubl e variables named INTERMEDIATE 

marySal es and j i mSal es. Write the C++ code to assign the highest 

and lowest sales amounts to the hi ghSal es and 1 owSal es variables, 
respectively, and then display the contents of those variables. (You 
can assume that both sales amounts are different.) 


6. A program uses a char variable named department and two doubl e ADVANCED 
variables named sal ary and rai se. The department variable con¬ 
tains one of the following letters (entered in either uppercase or low¬ 
ercase): A, B, or C. Employees in departments A and B are receiving a 

2% raise. Employees in department C are receiving a 1.5% raise. Write 
the C++ code to calculate and display the appropriate raise amount. Dis¬ 
play the raise amount in fixed-point notation with two decimal places. 

7. Correct the errors in the lines of code shown in Figure 5-36. The SWAT THE BUGS 

code variable has the char data type. 


if (toupper(code) = 'x') 

cout « "Discountinued" « endl; 

el se 

cout « "Available" « endl; 

cout « "The item will be shipped ASAP" « endl; 
//end if 


Figure 5-36 
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Computer 


TRY THIS 8. Code the flowchart shown earlier in Figure 5-5. Enter the C++ 

instructions into a source file named TryThis8.cpp. Also enter appro¬ 
priate comments and any additional instructions required by the 
compiler. Display the total owed in fixed-point notation with two 
decimal places. Save and run the program. Test the program using 
$2.25 and 6 as the price and quantity, respectively. The answer should 
be $12.15. Now test it using $2.25 and 5. (The answers to TRY THIS 
Exercises are located at the end of the chapter.) 


TRY THIS 9. Complete Figure 5-37 by writing the algorithm and corresponding 

C++ instructions. Employees with a pay code of either 4 or 9 receive 
a 5% raise; all other employees receive a 3% raise. Enter the C++ 
instructions into a source file named TryThis9.cpp. Also enter appro¬ 
priate comments and any additional instructions required by the 
compiler. Display the new pay in fixed-point notation with no decimal 
places. Save and run the program. Test the program using 1 and $500 
as the pay code and current pay. The new pay should be $515. Now 
test the program using the following three sets of input values: 4 and 
450, 9 and 500, 2 and 625. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 


IPO chart information 
Input 

pay oode 
current pay 
raise rate l (3 fo) 
raise rate 2 (sfo) 

Processing 

raise 

Output 

u-ewpay 

Algorithm 


C++ instructions 

char code = ' '; 
double currentPay = 0.0; 
const double RATE1 = .03; 
const double RATE2 = .05; 


double raise = 0.0; 

double newPay = 0.0; 


Figure 5-37 


MODIFY THIS 10. Complete TRY THIS Exercise 9. Enter (or copy) the instructions from 

the TryThis9.cpp file into a new source file named ModifyThislO.cpp. 
Modify the code in the ModifyThislO.cpp file so that a 5 % raise is also 
given to employees with pay codes of 2 and 6. Save and run the pro¬ 
gram. Test the program using 1 and $500 as the pay code and current 
pay. Now test it using the following four sets of input values: 4 and 
450, 9 and 500, 2 and 625, 6 and 150. 















Exercises 


11. Tea Time Company wants a program that allows a clerk to enter the INTRODUCTORY 

number of pounds of tea ordered, the price per pound, and whether 

the customer should be charged a $15 shipping fee. The program 
should calculate and display the total amount the customer owes. Use 
an i nt variable for the number of pounds, a doubl e variable for the 
price per pound, and a char variable for the shipping information. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm twice. For the first desk-check, use 10 as the number of 
pounds and 12.54 as the price per pound; the customer should be 
charged the shipping fee. For the second desk-check, use 5 as the 
number of pounds and 11.59 as the price; the customer should 
not be charged the shipping fee. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 5-37. 

Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Introductoryll.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Display the total 
amount owed in fixed-point notation with two decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

12. Marcy’s Department store is having a BoGoHo (Buy One, Get One INTRODUCTORY 

Half Off) sale. The store manager wants a program that allows the 
salesclerk to enter the prices of two items. The program should both 
calculate and display the total amount the customer owes. The half- 
off should always be taken on the item having the lowest price. For 
example, if the items cost $24.99 and $10, the half-off would be taken 
on the $10 item. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm twice. For the first desk-check, use 24.99 and 10 as the 
prices. For the second desk-check, use 11.50 and 30.99. 

b. List the input, processing, and output items, as well as the 
algorithm, in a chart similar to the one shown earlier in 
Figure 5-37. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Introductoryl2.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Display the total 
amount owed in fixed-point notation with two decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 
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13. Allenton Water Department wants a program that calculates a 
customer’s monthly water bill. The clerk will enter the current and 
previous meter readings. The program should calculate and display 
the number of gallons of water used and the total charge for the 
water. The charge for water is $7 per 1000 gallons. However, there is a 
minimum charge of $16.67. (In other words, every customer must pay 
at least $16.67.) 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm twice. For the first desk-check, use 13000 and 16000 
as the previous and current meter readings. For the second 
desk-check, use 1650 and 3675. 

b. List the input, processing, and output items, as well as the 
algorithm, in a chart similar to the one shown earlier in 
Figure 5-37. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Intermediatel3.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Display the total 
charge in fixed-point notation with two decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

ADVANCED 14. A third-grade teacher at Plano Elementary School wants a program 

that allows a student to enter the amount of money a customer owes 
and the amount of money the customer paid. The program should 
calculate and display the amount of change, as well as how many dol¬ 
lars, quarters, dimes, nickels, and pennies to return to the customer. 
Display an appropriate message when the amount paid is less than the 
amount owed. 

a. Create an IPO chart for the problem, and then desk-check the algo¬ 
rithm three times. For the first desk-check, use 75.34 and 80 as the 
amount owed and paid, respectively. For the second desk-check, 
use 39.67 and 50. For the third desk-check, use 10.55 and 9.75. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 5-37. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Advancedl4.cpp. Also enter appropriate comments and any addi¬ 
tional instructions required by the compiler. Display the change in 
fixed-point notation with two decimal places. Display the remain¬ 
ing output in fixed-point notation with no decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 


INTERMEDIATE 
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15. As you learned in the chapter, you must be careful when compar- ADVANCED 

ing two real numbers for either equality or inequality, because some 
real numbers cannot be stored precisely in memory. To determine 
whether two real numbers are either equal or unequal, you should 
test that the difference between both numbers is less than some 
acceptable small value, such as .00001. 

a. Follow the instructions for starting C++ and opening the 
Advancedl5.cpp file. Notice that the code divides the contents 
of the numl variable (10.0) by the contents of the num2 variable 
(3.0), storing the result (approximately 3.33333) in the quoti ent 
variable. An i f statement is used to compare the contents of the 
quoti ent variable with the number 3.33333. The i f statement 
displays a message that indicates whether the numbers are equal. 

b. If necessary, make the system("pause") ; statement a com¬ 
ment, and then save the program. Run the program. Even though 
the message on the screen states that the quotient is 3.33333, the 
message indicates that this value is not equal to 3.33333. Stop the 
program. 

c. If you need to compare two real numbers for equality or inequal¬ 
ity, first find the difference between both numbers and then com¬ 
pare the absolute value of that difference to a small number, such 
as .00001. You can use the C++ f abs function to find the absolute 
value of a real number. The absolute value of a number is a posi¬ 
tive number that represents the distance the number is from 0 on 
the number line. For example, the absolute value of the number 5 
is 5. The absolute value of the number -5 also is 5. To use the f abs 
function, the program must contain the #i ncl ude <cmath> 
directive. Modify the program appropriately. Save and then run 
the program. This time, the message “Yes, the quotient 3.33333 is 
equal to 3.33333.” appears. Stop the program. 

16. Follow the instructions for starting C++ and opening the Swat- SWAT THE BUGS 

TheBugsl6.cpp file. If necessary, make the system("pause") ; 
statement a comment, and then save the program. Run and then 
debug the program. 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. See Figure 5-38. 


if (quantity == 10) 

cout « "Equal" « endl; 

el se 

cout « "Not equal" « endl; 
//end if 
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Figure 5-38 
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2. See Figure 5-39. 



if (sold > 200) 

{ 

bonus = 100; 

cout « "Great" « endl; 

} 

el se 

{ 

bonus = 50; 

cout « "Good" « endl; 

} //end if 


Figure 5-39 



Computer 


8. See Figures 5-40. 


1 

//TryThis8.cpp - displays the total owed 

2 

//Created/revised by <your names on <current dates 

4 

#include <iostreams 


5 

#include <iomanips 


6 

7 

using namespace std; 


8 

int mainQ 


9 

{ 



10 


//declare variables 


11 


int quantity = 0; 


12 


double price = 0.0; 


13 


double discount = 0.0; 


14 


double total = 0.0; 


15 




16 


cout « "Price: "; 


17 


cin » price; 


18 


cout « "Quantity: "; 


19 


cin ss quantity; 


20 




21 


//calculate total owed 


22 


total = price * quantity; 


23 




24 


// calcualte discount, if 

necessary 

25 


if (quantity s 5) 


26 


{ 


27 


discount = total * .1 


28 


total = total - discount; 

29 


} //end if 


30 




31 


//display total owed 


32 


cout « fixed « setprecision(2) ; 

33 


cout « "Total owed: $" « total « endl; 

34 



your C++ development 


35 


system("pause"); - 

tool may not require 


36 


return 0; 

this statement 


37 

} 

//end of main function 




Figure 5-40 

















Exercises 


9. See Figures 5-41 and 5-42. 


IPO chart information 

C++ instructions 

Input 

pay c,odt 

char code = ' '; 

curre i/utpfly 

double currentPay = 0.0; 

ram rate l (3 fo) 

const double RATE1 = .03; 

ram rate 2 (sfo) 

const double RATE2 = .05; 

Processing 

raise 

double raise = 0.0; 

Output 

p\.ew p ay 

double newPay = 0.0; 

Algorithm 

1. eiAter the pfly oople aia.pI 

cout « "Pay code: "; 

eurreiAt pfly 

cin » code; 

cout « "Current pay: "; 
cin » currentPay; 

2. if (the pfly c-opte is 4 orji) 

if (code == '4' || code == '9') 

eflleulflte the raise by 

raise = currentPay * RATE2; 

m.u.ltipiy iu.g the c.urreiA.t 
pfly by raise rate 2 

else 

el se 

eflleutflte the raise by 

raise = currentPay * RATE1; 

m,u.lthply iiA.0 the eurrew-t pfly 
by raise rate 1 

t\Ad if 

//end if 

3. eflbu.iflte the iA.ew pfly by 

newPay = currentPay + raise; 

adding the raise to the current pfly 

4 . olispifly the iA.ew pfly 

cout « "New pay: $" « 
newPay « endl; 



Figure 5-41 
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1 //TryThis9.cpp - displays the new pay 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 //declare named constants and variables 

11 const double RATE1 = .03; 

12 const double RATE2 = .05; 

13 char code = ' ' ; 

14 double currentPay = 0.0; 

15 double raise = 0.0; 

16 double newPay = 0.0; 

17 

18 //enter input items 

19 cout « "Pay code: "; 

20 cin » code; 

21 cout « "Current pay: "; 

22 cin » currentPay; 

23 

24 //calculate raise and new pay 

25 if (code == '4' || code == '9') 

26 raise = currentPay * RATE2; 

27 else 

28 raise = currentPay * RATE1; 

29 //end if 

30 newPay = currentPay + raise; 

31 

32 //display new pay 

33 cout « fixed « setprecision(0) ; 

34 cout « "New pay: $" « newPay « endl; 

35 

36 system("pause") ; - 

37 return 0; 

38 } //end of main function 


your C++ development 
tool may not require 
this statement 


Figure 5-42 
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More on the Selection 
Structure 


After studying Chapter 6, you should be able to: 

<§> Include a nested selection structure in pseudocode and in a flowchart 

® Code a nested selection structure 

® Recognize common logic errors in selection structures 

® Include a multiple-alternative selection structure in pseudocode 
and in a flowchart 

® Code a multiple-alternative selection structure in C++ 
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Making Decisions 

In Chapter 5, you learned that you use the selection structure when you want 
the computer to make a decision and then select the appropriate path— 
either the true path or the false path—based on the result. Both paths in a 
selection structure can include instructions that declare variables, perform 
calculations, and so on. In this chapter, you will learn that both paths also can 
include other selection structures. When either a selection structure’s true 
path or its false path contains another selection structure, the inner selection 
structure is referred to as a nested selection structure, because it is contained 
(nested) within the outer selection structure. Similar to the initial examples 
of selection structures in Chapter 5, the first examples of nested selection 
structures will involve Robin, the mechanical woman. The first problem 
specification and its algorithm are shown in Figure 6-1. (The problem speci¬ 
fication and algorithm, which is written in pseudocode, are from Figure 5-4 
in Chapter 5.) The algorithm requires a selection structure, but not a nested 
one. This is because only one decision—whether Robin is holding a bag of 
trash—is necessary. 


true path 


false path 


Robin is holding either a bag of trash or a bag of recyclables in her right hand. 
She is directly in front of two containers: one marked Trash and the other 
marked Recycle. A lid is on each container. Robin needs to lift the lid from the 
appropriate container, then drop the bag in the container, and then put the lid 
back on the container. 



condition 


if (the bog coutnius trash) 

~~ lift the Trash coutniuer's lid usiug your left fraud 
drop the bag of trash iu the Trash coutniuer 
— put the lid b adz ou the Trash coutniuer usiug your Left fraud 
else 

— lift the Recycle coutniuer's lid usiug your left fraud 
drop the bag of recycle* bles iuthe Recycle coutniuer 

- put the lid boicte, ou the Recycle coutniuer usiug your left fraud 

eud if 


Figure 6-1 A problem that requires a dual-alternative selection structure 
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Now let’s make a slight change to the problem specification in Figure 6-1. 

This time, the status of the lid on each container is not known: one or both 
of the lids could be on or off. Consider the changes you will need to make to 
the original algorithm in Figure 6-1. The first instruction in the original algo¬ 
rithm represents the selection structure’s condition. The condition requires 
Robin to make a decision about the contents of the bag she is holding; Robin 
still will need to make this decision. The next three instructions tell Robin 
what to do when the condition is true, which is when the bag contains trash. 
The first instruction in the true path directs Robin to lift the Trash contain¬ 
er’s lid. That instruction was correct for the original problem specification, 
which states that the lid is on the container. However, in the modified prob¬ 
lem specification, the status of the lid is not known. Therefore, Robin first 
will need to make a decision about the lid’s status and then only lift the lid if 
it’s on the container. The last two instructions in the true path direct Robin to 
drop the bag of trash in the Trash container and then put the lid back on the 
container; Robin still will need to follow both instructions. Now look at the 
false path of the selection structure in Figure 6-1. The first instruction in the 
false path directs Robin to lift the lid from the Recycle container. Here again, 
Robin first will need to determine whether it’s necessary to do this. The last 
two instructions in the false path tell Robin to drop the bag of recyclables 
in the Recycle container and then put the lid back on the container; Robin 
still will need to follow both instructions. Figure 6-2 shows the modified 
problem specification and algorithm. The modified algorithm contains an 
outer dual-alternative selection structure and two nested single-alternative 
selection structures. The outer selection structure begins with If (the bag 

trash), and it ends with the last ezid Lf. The else belongs to the outer 
selection structure and separates the structure’s true path from its false path. 
Notice that the instructions in both paths are indented within the outer 
selection structure. Indenting in this manner clearly indicates the instruc¬ 
tions to be followed when Robin is holding a bag of trash, as well as the 
ones to be followed when the bag does not contain trash. One of the nested 
selection structures appears in the outer selection structure’s true path, and 
the other appears in its false path. The nested selection structure in the true 
path begins with Lf (the ltd Ls o in, the Trask covitatMr), and it ends with the 
first t\Ad Lf. The instruction between both lines is indented to indicate that 
it is part of the nested selection structure. The nested selection structure 
in the false path begins with Lf (tke ltd Is ozi the recycle c.ov±aLiA,er) , and 
it ends with the second ezid Lf. Here again, the instruction between both 
lines is indented within the nested selection structure. For a nested selec¬ 
tion structure to work correctly, it must be contained entirely within the 
outer selection structure. Each nested selection structure in Figure 6-2, for 
example, appears entirely within its corresponding path in the outer selection 
structure. 
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Figure 6-2 A problem that requires nested single-alternative selection structures 


Figure 6-3 shows another problem specification and algorithm (also written 
in pseudocode) involving Robin. As the algorithm indicates, Robin needs to 
ask the store clerk whether the store accepts the Discovery card. Depending 
on the answer, Robin will use either her Discovery card or cash to pay for the 
items she is purchasing. 



Figure 6-3 Another problem that requires a dual-alternative selection structure 


Now let’s change Figure 6-3’s problem specification. This time, Robin would 
like to use either her Discovery card or her Vita card, but she prefers to use 
her Discovery card. If the store does not take either card, Robin will need to 
pay cash for the items she is purchasing. Consider the changes you will need 







































Making Decisions 


to make to the original algorithm in Figure 6-3. Robin still will need to ask 
the store clerk whether the store accepts the Discovery card, and if it does, 
she should use that card to pay for her items. Therefore, the first three lines 
in the original algorithm do not need to be changed. The next line in the 
algorithm is the else line. The modified algorithm still will need this line to 
indicate that there are tasks to be performed when the store does not accept 
the Discovery card. The next line in the original algorithm tells Robin to 
use cash to pay for her items. That instruction was correct for the original 
problem specification, which gave Robin only two payment choices: either 
her Discovery card or cash. However, in the modified problem specification, 
Robin has three payment choices: her Discovery card, her Vita card, or cash. 
Before paying with cash, Robin needs to inquire whether the store accepts 
the Vita card; if it does, Robin should use her Vita card to pay for her items. 
Robin should pay with cash only when the store does not accept either credit 
card. Figure 6-4 shows the modified problem specification and algorithm. 
The modified algorithm contains an outer dual-alternative selection struc¬ 
ture and a nested dual-alternative selection structure. The outer selection 
structure begins with if (the store accepts the n>i scoverpj card), and it ends 
with the last end if. The first else belongs to the outer selection structure and 
separates the structure’s true path from its false path. Notice that the instruc¬ 
tions in the outer selection structure’s true and false paths are indented. The 
nested selection structure, which appears in the outer selection structure’s 
false path, begins with if (the store accepts the vita card), and it ends with 
the first end if. The indented else belongs to the nested selection structure 
and separates the nested structure’s true path from its false path. For clarity, 
the instructions in the nested selection structure’s true and false paths are 
indented within the structure. 




Figure 6-4 A problem that requires a nested dual-alternative selection structure 


















CHAPTER 6 


More on the Selection Structure 

L.___ 



Flowcharting a Nested Selection Structure 

Figure 6-5 shows a problem specification for a voter eligibility program. 
The program determines whether a person can vote and then displays 
one of three different messages. The appropriate message depends on the 
person’s age and voter registration status. For example, if the person is 
younger than 18 years old, the program should display the message “You 
are too young to vote.” However, if the person is at least 18 years old, the 
program should display one of two messages. The correct message to dis¬ 
play is determined by the person’s voter registration status. If the person 
is registered, then the appropriate message is “You can vote.”; otherwise, 
it is “You must register before you can vote.” Notice that determining the 
person’s voter registration status is important only after his or her age 
is determined. Because of this, the decision regarding the age is consid¬ 
ered the primary decision, while the decision regarding the registration 
status is considered the secondary decision, because whether it needs to 
be made depends on the result of the primary decision. A primary deci¬ 
sion is always made by an outer selection structure, while a secondary 
decision is always made by a nested selection structure. Also included in 
Figure 6-5 is a correct solution to the voter eligibility problem in flowchart 
form. The first diamond in the flowchart represents the outer selection 
structure’s condition, which checks whether the age entered by the user 
is greater than or equal to 18. If the condition evaluates to false, it means 
that the person is not old enough to vote. In that case, the outer selection 
structure’s false path will display the “You are too young to vote.” message 
before the outer selection structure ends. However, if the outer selec¬ 
tion structure’s condition evaluates to true, it means that the person is 
old enough to vote. Before displaying the appropriate message, the outer 
selection structure’s true path gets the registration status from the user. It 
then uses a nested selection structure to determine whether the person is 
registered. The nested selection structure’s condition is represented by the 
second diamond in Figure 6-5. If the person is registered, the nested selec¬ 
tion structure’s true path displays the “You can vote.” message; otherwise, 
its false path displays the “You must register before you can vote.” message. 
After the appropriate message is displayed, the outer and nested selection 
structures end. Notice that the nested selection structure is processed only 
when the outer selection structure’s condition evaluates to true. 








Flowcharting a Nested Selection Structure 


Problem specification 

The Danville city manager wants a program that determines voter eligibility and displays one of 
three messages. The messages and the criteria for displaying each message are as follows: 


Message 

Criteria 

You are too young to vote. 

person is 

You can vote. 

person is 

You must register before you can vote. 

person is 


younger than 18 years old 

at least 18 years old and is registered to vote 

at least 18 years old but is not registered to vote 




Figure 6-5 Problem specification and a correct solution for the voter eligibility problem 


Figure 6-6 shows another correct solution, also in flowchart form, for the 
voter eligibility problem. As in the previous solution, the outer selection 
structure in this solution determines the age (the primary decision), and the 
nested selection structure determines the voter registration status (the sec¬ 
ondary decision). In this solution, however, the outer selection structure’s 
condition checks whether the age is less than 18. In addition, the nested 
selection structure appears in the outer selection structure’s false path in 
this solution, which means it will be processed only when the outer selec¬ 
tion structure’s condition evaluates to false. The solutions in Figures 6-5 and 
6-6 produce the same results. Neither solution is better than the other. Each 
simply represents a different way of solving the same problem. 
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Figure 6-6 Another correct solution for the voter eligibility problem 


Coding a Nested Selection Structure 

In Chapter 5’s Lab 5-2, you created a program for the manager of Willow 
Springs Health Club. The program allows the manager to enter the number 
of calories and grams of fat contained in a specific food. The program then 
calculates and displays two values: the food’s fat calories and its fat per¬ 
centage. The health club’s manager now wants the program to display the 
message “High in fat” when the food’s fat percentage is greater than 30%; 
otherwise, the program should display the message “Not high in fat”. To 
accomplish this task, you will need to add a nested dual-alternative selection 
structure to the program. You will code the nested selection structure using 
the dual-alternative form of the i f statement. The dual-alternative form is 
simply an i f statement that contains an el se clause. The modified prob¬ 
lem specification and program are shown in Figure 6-7. The modifications 
made to the original specification and program are shaded in the figure. (The 
flowchart for the modified program is contained in the Ch6Flowcharts.pdf 
file, which is located in the Cpp\Chap06 folder.) 





































Coding a Nested Selection Structure 


Problem specification 

The manager of Willow Springs Health Club wants a program that allows her to enter 
the number of calories and grams of fat contained in a specific food. The program 
should calculate and display two values: the food’s fat calories and its fat percentage. 
The fat calories are the number of calories attributed to fat. The fat percentage is 
the ratio of the food’s fat calories to its total calories. You can calculate a food’s 
fat calories by multiplying its fat grams by the number 9, because each gram of fat 
contains 9 calories. To calculate the fat percentage, you divide the food’s fat calories 
by its total calories and then multiply the result by 100. The fat percentage should 
be displayed with zero decimal places. If the fat percentage is greater than 30%, the 
program should display the message “High in fat”; otherwise, it should display the 
message “Not high in fat". 


1 //Lab5-2.cpp - displays a food's fat calories and fat percentage 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 //declare variables 

11 int total Cals =0; 

12 int fatCrams =0; 

13 int fatCals =0; 

14 double fatPercent=0.0; 

15 

16 //enter input items 

17 cout « "Total calories: 

18 ci n » total Cal s; 

19 cout « "Grams of fat: 

20 ci n » fatCrams; 

21 

22 //determine whether the data is valid 

23 if (totalCals >= 0 && fatCrams >= 0) 

24 { 

25 //calculate and display the output 

26 fatCals = fatCrams * 9; 

27 fatPercent = static_cast<double>(fatCals) 

28 / static_cast<double>(totalCals) * 100; 

29 

30 cout « "Fat calories: " « fatCals « end!; 

31 cout « fixed « setpreci sion(0) ; 

32 cout« "Fat percentage: "« fatPercent « "%" « endl; 

33 if (fatPercent > 30.0) - 

34 cout « "High in fat" « endl; 

35 else 

36 cout « "Not high in fat" « endl; 

37 //end iff - 

38 } 


nested selection 
structure 



Figure 6-7 Modified problem specification and program for the health club problem from 
Chapter 5's Lab 5-2 (continues) 
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(continued) 

39 else 

40 cout « "Input error" « endl; 

41 //end if 

42 

43 system("pause"); 

44 return 0; 

45 } //end of main function 


Figure 6-7 Modified problem specification and program for the health club problem from 
Chapter 5’s Lab 5-2 


The outer selection structure’s condition appears on Line 23 in the program 
and determines whether the user’s input is valid. If the input is not valid, the 
outer selection structure’s false path displays the “Input error” message. If 
the input is valid, on the other hand, the instructions in the outer selection 
structure’s true path are processed. The true path begins on Line 24 and ends 
on Line 38. First, the true path calculates and then displays the food’s fat calo¬ 
ries and fat percentage. It then uses a nested selection structure to determine 
whether the fat percentage is greater than 30.0. The nested selection structure 
is on Lines 33 through 37 and is shaded in Figure 6-7. If the fat percentage is 
greater than 30.0, the nested selection structure’s true path displays the mes¬ 
sage “High in fat”; otherwise, its false path displays the message “Not high in 
fat”. Figure 6-8 shows a sample run of the modified health club program. 



Figure 6-8 Sample run of the modified health club program 


The answers to , 

Mini-Quiz ques- Mini-Qlliz 6-1 
= tions are located 

in Appendix A. 1. A selection structure should display the message “Great score!” when 

a student’s test score is at least 90. When the test score is 70 through 
89, the selection structure should display the message “Good score”. 
For all other test scores, the selection structure should display the 
message “Retake the test”. Write the pseudocode for the selection 
structure. 


2. 


Draw a flowchart of the selection structure from Question 1. 
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3. Write the C++ code for the selection structure from either Question 
1 or Question 2. The test score is stored in an i nt variable named 
score. 

4. The manager of a golf course wants a program that displays the 
appropriate fee to charge a golfer. Club members pay a $5 fee. 
Non-members golfing on Monday through Thursday pay $15. 
Non-members golfing on Friday through Sunday pay $25. The 
condition in the program’s outer selection structure should check 

the_, while the condition in its nested selection 

structure should check the_. 

a. membership status, day of the week 

b. day of the week, membership status 

c. membership status, fee 

d. fee, day of the week 



Logic Errors in Selection Structures 

In the next few sections, you will observe some of the common logic errors 
made when writing selection structures. Being aware of these errors will help 
prevent you from making them. In most cases, logic errors in selection struc¬ 
tures are a result of one of the following three mistakes: using a compound 
condition rather than a nested selection structure, reversing the decisions 
in the outer and nested selection structures, or using an unnecessary nested 
selection structure. The XYZ Company’s bonus program will be used to dem¬ 
onstrate these logic errors. The company pays each salesperson an 8% bonus 
on his or her sales. However, salespeople having a sales code of X receive an 
additional $150 bonus when their sales are greater than or equal to $10,000; 
otherwise, they receive an additional $125 bonus. Notice that the salesper¬ 
son’s code determines whether he or she receives an additional bonus. If the 
salesperson is entitled to the additional bonus, then the amount of his or her 
sales determines the appropriate additional amount. In this case, the decision 
regarding the salesperson’s code is the primary decision, while the decision 
regarding the sales amount is the secondary decision. The pseudocode shown 
in Figure 6-9 represents a correct algorithm for the bonus program. 


1. enter the code and sales 

2 . calculate the bonus by multiplying the sales by .08 

3. If {the code Is x) 

if (the sales are greater than or equal to l oooo) 
add l so to the bonus 
else 

add 125"to the bonus 

end if 
end if 

4. display the bonus 


You also can 
write the nested 
s selection struc¬ 
ture’s condition 
as follows: if 
(the sales are less than 
i oooo). You then would 
reverse the instructions 
in the true and false 
paths. 


Figure 6-9 A correct algorithm for the bonus problem 
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To verify its accuracy, you will desk-check the algorithm from Figure 6-9 
three times. Figure 6-10 shows the values you will use for the desk-checks 
and also includes the manually calculated results. 


Code 

Sales 

Bonus 

X 

$15000 

$1350 

X 

$ 9000 

$ 845 

A 

$13000 

$1040 



Figure 6-10 Test data and manually calculated results 

The first instruction in the algorithm shown in Figure 6-9 is to enter the 
code and sales. For the first desk-check, the code and sales are X and 15000, 
respectively. The second instruction is to calculate the bonus by multiplying 
the sales by .08; the answer is 1200. Figure 6-11 shows the current status of 
the desk-check table. 


c-ode 

sales 

boi^ixs 

X 

15000 

12 OO 


Figure 6-11 Current status of the desk-check table 

Next, the outer selection structure in the algorithm determines whether the 
salesperson’s code is X. It is, so the nested selection structure checks whether 
the sales are greater than or equal to 10000. The sales are greater than 
10000, so the nested selection structure’s true path adds 150 to the bonus; 
the answer is 1350. After the bonus is calculated, both selection structures 
end. The last instruction in the algorithm displays the bonus on the screen. 
Figure 6-12 shows the desk-check table after completing the first desk-check. 
The 1350 in the bonus column agrees with the manual calculation shown 
earlier in Figure 6-10. 


c-ode 

sales 

bou-ixs 

X 

15000 

1200 



1350 


Figure 6-12 Desk-check table after completing the first desk-check 

Using the second set of test data, the user enters X as the code and 9000 
as the sales. The second instruction in the algorithm calculates the bonus 
by multiplying the sales by .08; the answer is 720. Next, the outer selection 
structure determines whether the salesperson’s code is X. It is, so the nested 
selection structure checks whether the sales are greater than or equal to 
10000. The sales are not greater than or equal to 10000, so the nested selec¬ 
tion structure’s false path adds 125 to the bonus amount; the answer is 845. 
After the bonus is calculated, both selection structures end. The last instruc¬ 
tion in the algorithm displays the bonus on the screen. Figure 6-13 shows 
the desk-check table after completing the second desk-check. The 845 in the 
bonus column agrees with the manual calculation shown earlier in 
Figure 6-10. 
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code 

sales 

bo^us 

X 

15000 

1 zoo 



13 50 

X 

JOOO 

8X5 


Figure 6-13 Desk-check table after completing the second desk-check 

Using the third set of test data, the user enters A as the code and 13000 as 
the sales. The second instruction in the algorithm calculates the bonus by 
multiplying the sales by .08; the answer is 1040. Next, the outer selection 
structure determines whether the salesperson’s code is X. The code is not 
X, so the outer selection structure ends. Notice that the nested selection 
structure is not processed when the outer selection structure’s condition is 
false. The last instruction in the algorithm displays the bonus on the screen. 
Figure 6-14 shows the desk-check table after completing the third desk- 
check. The final entry in the bonus column (1040) agrees with the manual 
calculation shown earlier in Figure 6-10. 



c-odt 

sales 

bow-us. 

X 

1 5000 

1 zoo 



1 350 

X 

0)000 





A 

13000 

lOXO 


Figure 6-14 Desk-check table after completing the third desk-check 


First Logic Error: Using a Compound Condition Rather 
Than a Nested Selection Structure 

A common error made when writing selection structures is to use a com¬ 
pound condition in the outer selection structure when a nested selection 
structure is needed. Figure 6-15 shows an example of this error in the bonus 
algorithm. The correct algorithm is included in the figure for comparison. 
Notice that the incorrect algorithm uses one selection structure rather than 
two selection structures and that the selection structure contains a com¬ 
pound condition. Consider why the selection structure in the incorrect 
algorithm cannot be used in place of the selection structures in the correct 
algorithm. In the correct algorithm, the outer and nested selection structures 
indicate that a hierarchy exists between the code and sales decisions: the 
code decision is always made first, followed by the sales decision (if neces¬ 
sary). In the incorrect algorithm, the compound condition indicates that no 
hierarchy exists between the code and sales decisions. Consider how this 
difference changes the algorithm. 
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Correct algorithm 

1. eiA,ter the code ctiAd sales 

2 . calculate the bo^us by in/odtlplyhvg 
the sales by .os 

3 . If (the code Is x) 

If (the sales are greaterthars or 
equal to l oooo) 

add 150 to the boi/uus 
else 

add 125"to the borvus 

eir-d If 
eir-d If 

4. display the boiA-ns 


Incorrect algorithm 

1. euter the code aud sales 

2 . calculate the bou-us by m.ultlplybvg 

uses a compound 
condition instead 
of a nested selection 
structure 

else 

add 125"to the boic-us 
ertd If 

4. display the borcus 


tme sates oy .ok 

3 . If (the code Is X arcd the sales are greater 

th a ia, or equal to loooo) - 

add 150 to the borstts 


Figure 6-15 Correct algorithm and an incorrect algorithm containing the first logic error 


To understand why the incorrect algorithm in Figure 6-15 will not work cor¬ 
rectly, you will desk-check it using the same test data used to desk-check the 
correct algorithm. The first instruction in the incorrect algorithm is to enter 
the code and sales. For the first desk-check, the code and sales are X and 15000, 
respectively. The second instruction is to calculate the bonus by multiplying the 
sales by .08; the answer is 1200. The compound condition in the third instruc¬ 
tion determines whether the salesperson’s code is X and, at the same time, the 
sales are greater than or equal to 10000. In this case, the compound condition 
evaluates to true. Therefore, the selection structure’s true path adds 150 to the 
bonus, giving 1350, and then the selection structure ends. The last instruction 
in the incorrect algorithm displays the bonus (1350) on the screen. Even though 
its selection structure is phrased incorrectly, the incorrect algorithm produces 
the same result as the correct algorithm using the first set of test data. 

Using the second set of test data, the user enters X as the code and 9000 as 
the sales. The second instruction in the incorrect algorithm multiplies the 
sales by .08, giving a bonus of 720. The compound condition in the third 
instruction determines whether the salesperson’s code is X and, at the same 
time, the sales are greater than or equal to 10000. In this case, the compound 
condition evaluates to false, because the sales do not meet the specified cri¬ 
teria. As a result, the selection structure’s false path adds 125 to the bonus, 
giving 845, and then the selection structure ends. The last instruction in the 
incorrect algorithm displays the bonus (845) on the screen. Here again, using 
the second set of test data, the incorrect algorithm produces the same result 
as the correct algorithm. 

Using the third set of test data, the user enters A as the code and 13000 as the 
sales. The second instruction in the incorrect algorithm multiplies the sales by 
.08, giving a bonus of 1040. The compound condition in the third instruction 
determines whether the salesperson’s code is X and, at the same time, the sales 
are greater than or equal to 10000. In this case, the compound condition eval¬ 
uates to false, because the salesperson’s code is not X. As a result, the selection 
structure’s false path adds 125 to the bonus, giving 1165, and then the selec¬ 
tion structure ends. The last instruction in the incorrect algorithm displays 
the bonus (1165) on the screen. Notice that the incorrect algorithm produces 
erroneous results using the third set of test data: According to Figure 6-10, the 
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correct bonus is 1040. It is important to desk-check an algorithm several times 
using different test data. In this case, if you had used only the first two sets of 
data to deck-check the incorrect algorithm, you would not have discovered 
the error. Figure 6-16 shows the desk-check table for the incorrect algorithm. 
As indicated in the figure, the results of the first and second desk-checks are 
correct, but the result of the third desk-check is not correct. 


code 

sales 

bon. us 


X 

1 5000 

1200 

1350 

{comet result for the first deste-ckecte) 

X 

J)000 


(correct result for the second deste-ckecte) 

A 

13000 

-±_QJ\ Q 

(ii/scorrect result for the third deste-ckecte) 



Figure 6-16 Desk-check table for the incorrect algorithm in Figure 6-15 

Second Logic Error: Reversing the Outer 
and Nested Decisions 

Another common error made when writing selection structures is to reverse 
the decisions made by the outer and nested structures. Figure 6-17 shows 
an example of this error in the bonus algorithm. The correct algorithm is 
included in the figure for comparison. Unlike the selection structures in the 
correct algorithm, which determine the salesperson’s code before deter¬ 
mining his or her sales, the selection structures in the incorrect algorithm 
determine the sales before determining the code. Consider how this differ¬ 
ence changes the algorithm. In the correct algorithm, the selection structures 
indicate that only salespeople who have a code of X receive an additional 
bonus. The selection structures in the incorrect algorithm, on the other hand, 
indicate that the additional bonus is given to all salespeople who have sales 
greater than or equal to 10000. 


Correct algorithm 


Incorrect algorithm 


l. enter the code an,d sales 

l. enter the code and sales 



2 . calculate the bonus by ncultlplying 

2 . calculate the bonus by multiplying 



the sales by .08 

the sales by .08 



3. If (the code Is x) 

3. If (the sales are greater than, or equal - 



the outer and 

If (the sales are greater than or 

toioooo) 



nested decisions 

equal to ioooo) 

if (the code is x) - 



are reversed 


add l so to the bon-us 


else 


add 12 5 to the bon,us 

eiA,d If 
en.d If 

4. display the bon.us 


add iso to the bon-us 
else 

add 12 5 to the bon,us 
eu-d If 
&iA,d If 

4. display the bon,us 


Figure 6-17 Correct algorithm and an incorrect algorithm containing the second logic error 

Desk-checking the incorrect algorithm in Figure 6-17 will show you why 
the algorithm will not work correctly. The first instruction in the incorrect 
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algorithm is to enter the code and sales—in this case, X and 15000. The sec¬ 
ond instruction is to multiply the sales by .08; doing this results in a bonus of 
1200. The condition in the outer selection structure in the third instruction 
determines whether the sales are greater than or equal to 10000. They are, so 
the nested selection structure’s condition determines whether the salesper¬ 
son’s code is X. It is, so the nested selection structure’s true path adds 150 to 
the bonus amount, giving 1350. After the bonus is calculated, both selection 
structures end. The last instruction in the incorrect algorithm displays the 
bonus (1350) on the screen. Even though its selection structures are phrased 
incorrectly, the incorrect algorithm produces the same result as the correct 
algorithm using the first set of test data. 

Using the second set of test data, the user enters X as the code and 9000 as 
the sales. The second instruction in the incorrect algorithm multiplies the 
sales by .08; doing this results in a bonus of 720. The condition in the outer 
selection structure in the third instruction determines whether the sales are 
greater than or equal to 10000. They aren’t, so the outer selection structure 
ends. Notice that the nested selection structure is not processed when the 
outer selection structure’s condition evaluates to false. The last instruction in 
the incorrect algorithm displays 720 as the bonus, which is not correct. 

Using the third set of test data, the user enters A as the code and 13000 as the 
sales. The second instruction in the incorrect algorithm calculates the bonus 
by multiplying the sales by .08; the answer is 1040. The condition in the outer 
selection structure in the third instruction determines whether the sales are 
greater than or equal to 10000. They are, so the nested selection structure’s 
condition determines whether the salesperson’s code is X. It isn’t, so the 
nested selection structure’s false path adds 125 to the bonus; this results in 
1165. After the bonus is calculated, both selection structures end. The last 
instruction in the incorrect algorithm displays 1165 as the bonus, which is not 
correct. Figure 6-18 shows the desk-check table for the incorrect algorithm. 

As indicated in the figure, only the result of the first desk-check is correct. 


aode 

sales 

borsus 


X 

1SOOO 

12.00 

1350 

(correct result for the first deste-akeate) 

X 

j)ooo 


(iweorreat result for the seaou-d deste-akeate) 

A 

13000 

1050 

~L~L<Z?5 

(Irsaorreat resultfortketklrd deste-akeate) 


Figure 6-18 Desk-check table for the incorrect algorithm in Figure 6-17 


Third Logic Error: Using an Unnecessary Nested 
Selection Structure 

Another error often made when writing selection structures is to include an 
unnecessary nested selection structure. In almost all cases, a selection struc¬ 
ture containing this error still will produce the correct results. The only prob¬ 
lem is that it does so less efficiently than selection structures that are properly 
structured. Figure 6-19 shows an example of this error in the bonus algorithm. 
The correct algorithm is included in the figure for comparison. Unlike the 
correct algorithm, the inefficient algorithm contains three (rather than two) 
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selection structures. Notice that the condition in the third selection structure 
determines whether the sales are less than 10000 and is processed only when 
the condition in the second selection structure is false. In other words, it is 
processed only when the sales are not greater than or equal to 10000. How¬ 
ever, if the sales are not greater than or equal to 10000, then they would have 
to be less than 10000; so the third selection structure is unnecessary. 


Correct algorithm 

1. enter the code and sales 

2 . calculate the bonus, by multiplying 
tine soles by .08 

3 . If (the code Is x) 

If (tine soles ore greoter tinoin, or 
equal to ±oooo) 

add l so to tine bonus 
else 

add 125"to tine borvus 

end If 
end if 

4. display tine bonus. 


Incorrect algorithm 

1. enter tine code and sales 

2 . calculate tine bom,u.s by multiply liA,g 
tine soles by .08 

3 . If (tine code Is x) 

if (tine sales are greater than or 
equal to ±oooo) 

add ±50 to tine boin,us 
else 

if (tine soles are Less than ±oooo) 
add 125to tine b onus. 

end if - 

end if 
end if 

4. display tine bow-us 


unnecessary 
nested selection 
structure 



Figure 6-19 Correct algorithm and an incorrect algorithm containing the third logic error 


Desk-checking the inefficient algorithm in Figure 6-19 will help you under¬ 
stand why the last selection structure is unnecessary. The first instruction in 
the inefficient algorithm is to enter the code and sales—in this case, X and 
15000. The second instruction is to calculate the bonus by multiplying the 
sales by .08; the answer is 1200. The condition in the first selection structure 
determines whether the salesperson’s code is X. It is, so the condition in the 
second selection structure checks whether the sales are greater than or equal 
to 10000. They are, so the second selection structure’s true path adds 150 to 
the bonus amount, giving 1350. The last instruction in the inefficient algo¬ 
rithm displays 1350 as the bonus, which is correct. 

Using the second set of test data, the user enters X as the code and 9000 as 
the sales. The second instruction in the inefficient algorithm calculates the 
bonus by multiplying the sales by .08, giving 720. The condition in the first 
selection structure determines whether the salesperson’s code is X. It is, so 
the condition in the second selection structure checks whether the sales are 
greater than or equal to 10000. They aren’t, so the condition in the third selec¬ 
tion structure determines whether the sales are less than 10000—an unneces¬ 
sary decision. In this case, the sales are less than 10000, so the third selection 
structure’s true path adds 125 to the bonus, giving 845. The last instruction in 
the inefficient algorithm displays 845 as the bonus, which is correct. 

Using the third set of test data, the user enters A as the code and 13000 as the 
sales. The second instruction in the inefficient algorithm multiplies the sales 
by .08, resulting in 1040 as the bonus. The condition in the first selection 
structure determines whether the salesperson’s code is X. It’s not, so the first 
selection structure ends. Notice that the two nested selection structures are 
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not processed when the first selection structure’s condition evaluates to false. 
The last instruction in the inefficient algorithm displays 1040 as the bonus, 
which is correct. Figure 6-20 shows the desk-check table for the inefficient 
algorithm. Although the results of the three desk-checks are correct, the 
result of the second desk-check is obtained in a less efficient manner. 



code 

sales 

boi/wts 


A 

1 5000 

1200 

13 50 

(correct result for the first deste-okecte) 

A 

j)ooo 

gy; § 

(correct but Inefficient result for the second deste-akeate) 

A 

13 000 

1040 

(correct result fortke tklrd deste-akeate) 


Figure 6-20 Desk-check table for the inefficient algorithm in Figure 6-19 


The answers to ...... c . 

Mini-Quiz ques- Mini-Quiz 6-2 

^ tions are located 

in Appendix A. 1. List the three errors commonly made when writing selection 

structures. 

2. Which of the errors from Question 1 makes the selection structure 
inefficient but still produces the correct results? 


Multiple-Alternative Selection Structures 

Figure 6-21 shows the problem specification and IPO chart for the Kindlon 
High School problem. The problem’s solution requires a selection structure 
that can choose from several alternatives; in this case, it can choose from 
several different letter grades. As the figure indicates, when the letter grade is 
A, the selection structure should display the message “Excellent”. When the 
letter grade is B, the selection structure should display the message “Above 
Average”, and so on. Selection structures containing several alternatives are 
referred to as multiple-alternative selection structures or extended selection 
structures. 


Problem specification 

Mr. Jacoby teaches math at Kindlon High School. He wants a program that 
displays a message based on a letter grade he enters. The valid letter grades 
and their corresponding messages are shown below. If the letter grade is not 
valid, the program should display the “Invalid grade" message. 

Letter grade 

Message 

A 

Excellent 

B 

Above Average 

C 

Average 

D 

Below Average 

F 

Below Average 


Figure 6-21 Problem specification and IPO chart for the Kindlon High School problem 
(continues) 
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(continued) 


Output 

message 

Algorithm.: 

1. filter the grade 

2 . Lf (the grade Is owe of the following:) 

A display "Fx&ellewt" message 

B- display "Above Average" message 

c display "Average" message 

or F display "Below Average" message 

else 

display "liAA/alld grade" 
ewd If 


Input Processing 

grade Pro&esslwg Items: wowe 



Figure 6-21 Problem specification and IPO chart for the Kindlon High School problem 

Figure 6-22 shows the Kindlon High School algorithm in flowchart form. 

The diamond in the flowchart represents the multiple-alternative selection 
structure’s condition. Recall that the diamond also is used to represent the 
condition in both single-alternative and dual-alternative selection struc¬ 
tures. However, unlike the diamond in both of those selection structures, the 
diamond in a multiple-alternative selection structure has several flowlines 
(rather than only two flowlines) leading out of the symbol. Each flowline 
represents a possible path and must be marked appropriately, indicating the 
value or values necessary for the path to be chosen. 



Figure 6-23 shows two versions of the C++ code for the Kindlon High School 
program. Both versions use the multiple-alternative form of the i f statement 
to code the multiple-alternative selection structure. The multiple-alternative 
form contains several i f and else clauses. Although both versions produce 
the same result, the second version provides a more convenient way of cod¬ 
ing a multiple-alternative selection structure. 
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you get here when the grade is not A 


you get here when the grade is not 
A and not B 


you get here when the grade is not 
A, B, or C 


you get here when the grade is not 
A, B, C, D, or F 


you can use one comment to mark 
the end of the entire structure 


Version 1 

int mainO 

{ 

char grade = ' '; 

//enter grade 

cout « "Letter grade: 

cin » grade; 

grade = toupper(grade); 

if (grade == 'A') 

cout « "Excellent"; 

el se 

- if (grade == 'B') 

cout « "Above Average"; 

el se 

- if (grade == 'C') 

cout « "Average"; 

el se 

- if (grade == 'D' || grade == 

cout « "Below Average"; 
else //default 

cout « "Invalid grade"; 


'F') 


//end if 
//end if 
//end if 
//end if 

cout « endl; 
system("pause") ; 
return 0; 

} //end of main function 

Version 2 

int main() 

{ 

char grade = ' '; 

//enter grade 

cout « "Letter grade: "; 

cin » grade; 

grade = toupper(grade); 

if (grade == 'A') 

cout « "Excellent"; 
else if (grade == 'B') 

cout « "Above Average"; 
else if (grade == 'C') 
cout « "Average"; 
else if (grade == 'D' || grade 
cout « "Below Average"; 
else //default 

cout « "Invalid grade"; 
- //end if 


'F') 


cout « endl; 
systemC'pause") ; 
return 0; 

} //end of main function 


Figure 6-23 Two versions of the C++ code for the Kindlon High School problem 
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The swi tch Statement 

Instead of using the multiple-alternative form of the i f statement to code 
a multiple-alternative selection structure in C++, you sometimes (but not 
always) can use the switch statement. Figure 6-24 shows the swi tch state¬ 
ment’s syntax and includes an example of using the statement (rather than 
the i f statement) in the Kindlon High School code from Figure 6-23. As the 
syntax shows, the swi tch statement begins with the swi tch clause, which 
contains a selectorExpression enclosed in parentheses. The selectorExpres¬ 
sion can contain any combination of variables, constants, functions, and 
operators; however, the combination must result in a value whose data type 
is bool, char, short, i nt, or 1 ong. In the example in Figure 6-24, the selec¬ 
torExpression is a char variable named grade. Following the swi tch clause 
is a statement block. Recall from Chapter 5 that a statement block is one 
or more statements enclosed in a set of braces. Between the swi tch state¬ 
ment’s opening and closing braces are one or more case clauses; you can 
include as many case clauses as necessary. Each case clause in a swi tch 
statement represents a different alternative. Notice that each case clause 
contains a value followed by a colon. The value can be a literal constant, a 
named constant, or an expression composed of literal and named constants. 
The data type of the value should be compatible with the data type of the 
selectorExpression. When the selectorExpression is numeric, the values in the 
case clauses should be numeric. Likewise, when the selectorExpression is 
a character, the values should be characters. In the example in Figure 6-24, 
the data type of the selectorExpression is char, and so is the data type of 
the values in the case clauses ('A', ' B', ' C ', ' D ', and ' F'). Following the 
colon in each case clause are one or more statements that are processed 
when the selectorExpression matches that case’s value. After the computer 
processes the instructions in a case clause, you typically want the computer 
to leave the swi tch statement without processing the remaining instruc¬ 
tions in the statement. You do this by including the break statement as the 
last statement in the case clause. The break statement tells the computer to 
leave (“break out of”) the swi tch statement at that point. If you do not use 
the break statement in a case clause, the computer continues processing 
the remaining instructions in the swi tch statement; this may or may not 
be what you intended. After processing the break statement, the computer 
processes the instruction that follows the swi tch statement’s closing brace. 
For clarity, it is a good programming practice to document the end of the 
swi tch statement with a comment, such as //end swi tch. In addition 
to the case clauses, you also can include one default clause in a swi tch 
statement. Although the default clause can appear anywhere within the 
swi tch statement, it usually is entered as the last clause in the statement. 
When it is in that position, it does not need a break statement; however, 
some programmers include the break statement for clarity. If the default 
clause is not the last clause, a break statement is required in order to stop 
the computer from processing the instructions in the next case clause. 



Recall that char 
literal constants 
are enclosed in 
single quotation 
marks. 
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In Computer 
Exercises 19 and 
= 20, you will 

observe the 
result of not 
using the break state¬ 
ment to break out of the 
switch statement. 



HOW TO Use the switch Statement 
Syntax 

switch ( selectorExpression) 

{ 

case valuel: 

one or more statements 

[break;] 

[case value2: 

one or more statements 
[break;]] 

[case valueN: 

one or more statements 
[break;]] 

[default: 

one or more statements to be processed when the Selector- 
Expression does not match any of the values in the case clauses 

[break;]] 

} //end switch 

Example 

int main() 

{ 

char grade = ' ' ; 

//enter grade 

cout « "Letter grade: 

ci n » grade; 

grade = toupper(grade); 

switch (grade) 

{ 

case 'A': 

cout « "Excellent"; 
break; 
case 'B': 

cout « "Above Average"; 
break; 
case 'C': 

cout « "Average"; 
break; 
case 'D': 
case 'F': 

cout « "Below Average"; 
break; 
default: 

cout « "Invalid grade"; 

} //end switch 

cout « endl; 
system("pause"); 
return 0; 

} //end of main function 


Figure 6-24 How to use the swi tch statement 
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Desk-checking the code in Figure 6-24 will help you understand how the 
swi tch statement is processed by the computer. You will desk-check the code 
using the following three letter grades: b, D, and x. First, the code declares a 
char variable named grade. It then prompts the user to enter a letter grade 
and assigns the user’s response—in this case, the letter b—to the grade vari¬ 
able. Next, the grade = toupper (grade) ; statement assigns the letter B to 
the grade variable. The swi tch statement is processed next; notice that the 
grade variable is used as the statement’s selectorExpression. When processing 
the swi tch statement, the computer compares the value of the selectorEx¬ 
pression with the value listed in each of the case clauses, one case clause at a 
time beginning with the first. If a match is found, the computer processes the 
instructions contained in that case clause, stopping only when it encounters 
either a break statement or the swi tch statement’s closing brace; the com¬ 
puter then skips to the instruction following the closing brace. In this case, 
the computer first compares the value of the selectorExpression (' B') with 
the value listed in the first case clause (' A'). ' B' does not match ' A', so the 
computer compares the selectorExpression s value (' B') with the value listed 
in the second case clause (' B'). In this case, ' B' matches ' B', so the com¬ 
puter processes the instructions contained in the second case clause. The 
first statement in the second case clause displays the message “Above Aver¬ 
age” on the screen. The next statement, break;, tells the computer to skip 
the remaining instructions in the swi tch statement and continue processing 
with the instruction that follows the swi tch statement’s closing brace. 

Now use the letter D to desk-check the code. First, the code declares a char 
variable named grade. It then prompts the user to enter a letter grade and 
assigns the user’s response—in this case, the letter D—to the variable. The 
grade = toupper (grade) ; statement also assigns the letter D to the vari¬ 
able. The swi tch statement is processed next. When processing the swi tch 
statement, the computer compares the value of the selectorExpression (' D') 
with the value listed in the first case clause (' A'). ' D' does not match ' A', 
so the computer compares the selectorExpression s value (' D') with the value 
listed in the second case clause (' B'). ' D' does not match ' B', so the com¬ 
puter compares the selectorExpression s value (' D') with the value listed in 
the third case clause (' C'). ' D' does not match ' C', so the computer com¬ 
pares the selectorExpression s value (' D') with the value listed in the fourth 
case clause (' D'); here, the computer finds a match. However, notice that 
there is no statement immediately below the case ' D' : clause. So, what 
(if anything) will appear when the grade is D? Recall that, when the value 
of the selectorExpression matches the value in a case clause, the computer 
processes the instructions contained in that clause until it encounters either 
a break statement or the swi tch statement’s closing brace. In this case, not 
finding any instructions in the case ' Dclause, the computer continues 
processing with the instructions in the next clause, which is the case ' F' : 
clause. The first instruction in the case ' F' : clause displays the message 
“Below Average”, which is the correct message to display. The second instruc¬ 
tion tells the computer to break out of the swi tch statement. In other words, 
the cout « "Below Average"; and break; statements are processed 
when the grade is either D or F. The computer then skips to the instruction 
following the swi tch statement’s closing brace. As this example shows, you 
can process the same instructions for more than one value by listing each 
value in a separate case clause, as long as the clauses appear together in 
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the swi tch statement. The last case clause in the group of related clauses 
should contain the instructions you want the computer to process when one 
of the values in the group matches the selectorExpression. Only the last case 
clause in the group of related clauses should contain the break statement. 

Finally, you will use the letter x to desk-check the code. After declaring the 
grade variable, the code prompts the user to enter a letter grade, and it 
assigns the user’s response—in this case, the letter x—to the variable. Next, 
the grade = toupper (grade) ; statement assigns the letter X to the vari¬ 
able. The swi tch statement is processed next. When processing the swi tch 
statement, the computer compares the value of the selectorExpression (' X') 
with the value listed in each of the case clauses, beginning with the first 
case clause. Notice that the letter X does not appear as a value in any of the 
case clauses. When the selectorExpression does not match any of the values 
listed in the case clauses, the computer processes the instructions contained 
in the default clause. If there is no default clause, the computer skips to 
the instruction following the swi tch statement’s closing brace. In the exam¬ 
ple in Figure 6-24, the instruction in the default clause displays the mes¬ 
sage “Invalid grade” on the screen. If the default clause is the last clause in 
the swi tch statement, as it is in Figure 6-24, the computer then skips to the 
instruction following the swi tch statement’s closing brace. 

Figure 6-25 shows another problem description whose solution requires a 
multiple-alternative selection structure. (The flowchart for the program is 
contained in the Ch6Flowcharts.pdf file, which is located in the Cpp\Chap06 
folder.) In this case, the multiple-alternative selection structure uses a prod¬ 
uct’s ID to determine its price. The figure also includes the problem’s IPO 
chart information and C++ instructions. Notice that the multiple-alternative 
selection structure is coded using the swi tch statement, which is shaded in 
the figure. The swi tch statement assigns 50.55 to the pri ce variable when 
the product ID, which is stored in the productld variable, is 1. When the 
product ID is either 2 or 9, the swi tch statement assigns 12.35 to the pri ce 
variable. It assigns 11.46 to the pri ce variable when the product ID is one of 
the following: 5, 7, or 11. Finally, it assigns -1 to the pri ce variable when the 
product ID is anything other than 1, 2, 5, 7, 9, or 11. The i f statement in the 
code compares the value stored in the pri ce variable with the number -1 and 
then displays either the “Invalid product ID” message or the product’s price. 


Problem specification 

The sales manager at Warren Company wants a program that displays a price 
based on a product ID she enters. The valid product IDs and their corresponding 
prices are shown here. If the product ID is not valid, the program should display 
the “Invalid product ID" message. 

Product ID Price 


1 

2 

5 

7 

9 

11 


50.55 

12.35 

11.46 

11.46 

12.35 

11.46 


Figure 6-25 Problem specification, IPO chart information, and C++ instructions for the 
Warren Company problem ( continues ) 
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(continued) 


IPO chart information 
Input 

•product lls 

Processing 

i/uoiA,e 

Output 

price 

Algorithm 

1 . enter tloe product ns 

2. if (the product I is Is one of the following:) 

1 assign 50.55 as, the price 

2 orJJ assign 12.35" as the price 
5 J-, or n assign 11.46 as the price 

else 

assign -l as the price 
end If 


3. If (the price Is -l) 

display "Invalid product ns" message 
else 

display the price 
end If 


C++ instructions 

int productld = 0; 


doubte price = 0.0; 

cout « "Product ID (1, 2, 5, 
7, 9, or 11): 
cin » productld; 

switch (productld) 

1 

case 1: 

price = 50.55; 
break; 
case 2: 
case 9: 

price = 12.35; 
break; 
case 5: 
case 7: 
case 11: 

price = 11.46; 
break; 
default: 

price = -1; 

} //end switch 

if (price == -1) 

cout « "Invalid product ID" 
« endl ; 
el se 

cout « "Price: $"« price 
« endl ; 

//end if 



Figure 6-25 Problem specification, IPO chart information, and C++ instructions for the Warren 
Company problem 


Mini-Quiz 6-3 

1. A selection structure should display the message “Great score!” when 
a student’s test score is at least 90. When the test score is 70 through 
89, the selection structure should display the message “Good score”. 
When the test score is 0 through 69, the selection structure should 
display the message “Retake the test”. For all other test scores, the 
selection structure should display the message “Invalid test score”. 
Write the appropriate C++ code using the more convenient form of 
the i f statement. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 









































CHAPTER 6 


More on the Selection Structure 

L.___ 



2. If a swi tch statement’s selectorExpression is an i nt variable named 
stateCode, which of the following case clauses will be processed 
when the stateCode variable contains the number 2? 

a. case "2": 

b. case 2: 

c. case = 2 ; 

d. case == 2; 


3. 


The_statement tells the computer to leave the 

swi tch statement at that point. 


The answers to 
the labs are 
= located in 
Appendix A. 



AB 6-1 Stop and Analyze 


Study the flowchart shown in Figure 6-26, and then answer the 
questions. 



Figure 6-26 Flowchart for Lab 6-1 
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QUESTIONS 

What will the program display when the code is C? 

2. How can you write the multiple-alternative selection structure using 
the longer form of the i f statement? 

3. How can you write the multiple-alternative selection structure using 
the shorter form of the i f statement? 

4. How can you write the multiple-alternative selection structure using 
the swi tch statement? 

. What changes would you need to make to the code from Ques¬ 
tion 4 so that each case clause displays the appropriate fee, and the 
default clause displays the “Invalid code” message? 






,AB 6-2 Plan and Create 


In this lab, you will plan and create an algorithm for Golf Pro. The 
problem specification and examples of calculations are shown in 
Figure 6-27. 


Problem specification 

Jennifer Yardley is the owner of Golf Pro, a U.S. company that sells golf 
equipment both domestically and abroad. She wants a program that displays 
the amount of a salesperson’s commission. A commission is a percentage 
of the sales made by the salesperson. Some companies use a fixed rate to 
calculate the commission, while others (like Golf Pro) use a rate that varies with 
the amount of sales. Golf Pro’s commission schedule is shown below, along 
with examples of using the schedule to calculate the commission on three 
different sales amounts. Notice that the commission for each range in the 
schedule is calculated differently. The commission for sales in the first range 
is calculated by multiplying the sales by 2%. As Example 1 shows, if the sales 
are $15000, the commission is $300. The commission for sales in the second 
range is calculated by multiplying the sales over $100,000 by 5% and then 
adding $2000 to the result. As Example 2 shows, if the sales are $250,000, 
the commission is $9500. The commission for sales starting at $400,001 is 
calculated by multiplying the sales over $400,000 by 10% and then adding 
$17000 to the result. Example 3 indicates that the commission for sales of 
$500,000 is $27000. If the sales are less than zero, the program should 
display the message “The sales cannot be less than 0.” 


Figure 6-27 Problem specification and calculation examples for Lab 6-2 ( continues ) 
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(continued) 


Sales range Commission 

$0 -100,000 multiply the sales by 2% 

$100,001 - 400,000 multiply the sales over 100,000 by 5% and then add 
2000 to the result 

$400,001 and over multiply the sales over 400,000 by 10% and then add 

17000 to the result 

Example 1 
Sales: $15000 

Commission: 15000 * .02 = 300 

Example 2 
Sales: $250,000 

Commission: (250,000 -100,000) * .05 + 2000 = 9500 

Example 3 
Sales: $500,000 

Commission: (500,000 - 400,000) * .1 + 17000 = 27000 


Figure 6-27 Problem specification and calculation examples for Lab 6-2 

First, analyze the problem, looking for the output first and then for the input. 
In this case, the user wants the program to display a salesperson’s com¬ 
mission. To calculate the commission, the computer will need to know the 
salesperson’s sales and how to calculate the commission. The sales amount 
will be entered by the user. The calculation instructions, on the other hand, 
are specified in the problem specification. Next, plan the algorithm. Recall 
that most algorithms begin with an instruction to enter the input items into 
the computer, followed by instructions that process the input items, typi¬ 
cally including the items in one or more calculations. Most algorithms end 
with one or more instructions that display, print, or store the output items. 
Figure 6-28 shows the completed IPO chart for the Golf Pro problem. 


Input Processing Output 

sales Processing Items: none commission 

Algorithm: 

1. enter the sales 

2. if (the sales are less than o ) 

CDIAA.lnA.'l,S,S,lDIA = -l 

else if (the sales are one of the following:) 
o through l00,000 

c,ofAA.fAA.is,s,ioiA = sales * .02 
±00,001 through 4 00,000 

c-oiAA.iAAis.s.iDiA = (sales - 100,000 ) * .05 + 0000 
1-00,001 and over 

contM.ts,s,iDiA = (sales - 4 00,000) * .1 + iy-000 

end if 

3. if (the commission is not -l) 

display the commission 
else 

display an error message 
end if 


Figure 6-28 Completed IPO chart for the Golf Pro problem 
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After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You will 
desk-check the Golf Pro algorithm four times, using sales of 15000, 250,000, 
500,000, and -500. Figure 6-29 shows the completed desk-check table. Notice 
that the amounts in the commission column for the first three desk-checks 
agree with the results of the manual calculations from Figure 6-27. 


sales 

COVA.VA.i&sioiA' 

1 5000 


250000 

J)500 

500000 

2fOOO 

-500 

~± 



Figure 6-29 Completed desk-check table for the Golf Pro algorithm 

The fourth step in the problem-solving process is to code the algorithm into a 
program. You begin by declaring memory locations that will store the values 
of the input, processing (if any), and output items. The Golf Pro problem will 
need two memory locations to store the input and output items. The input 
item (sales) will be stored in a variable, because the user should be allowed 
to change its value during runtime. The output item (commission) also will 
be stored in a variable, because its value is based on the current value of the 
input item. The sales amount will always be an integer, so you will store it in 
an i nt variable. You will store the commission in a doubl e variable, because 
its value will be a real number. Figure 6-30 shows the IPO chart information 
and corresponding C++ instructions. 


IPO chart information 

Input 

C++ instructions 

sales 

int sales = 0; 

Processing 


\A0 M 


Output 


C,OV\AZ\Al£>£>loiA 

double commission=0.0; 


Figure 6-30 IPO chart information and C++ instructions for the Golf Pro problem 
(continues) 
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(continued) 


Algorithm 

l. enter the sales 

cout « "Sales : "; 
cin » sales ; 

2. If (the sales are less than, o) 

if (sales < 0) 

commission. = -i 

commission = -1; 

else If (the sales are on-e of the following:) 

else if (sales <= 100000) 

o through 100,000 

commission = sales * .02; 

oom.mXsst.oiA, = sales * .02 

else if (sales <= 400000) 

±00,001 through 400,000 

commission = (sales - 100000) 

commission. = (sales - 100,000 ) 

* .05 + 2000; 

* .05 + 2 000 

el se 

400,001 an,d over 

commission = (sales - 400000) 

commission. = (sales - 4 00,000) 

* .1 + 17000; 

* .1 + 17-000 

//end if 

ei/bd if 

3 . If (the commission. Is n-ot -l) 

if (commission != -1) 

display the commission. 

cout « "Commission : $"« 

else 

commission « endl ; 

display an- error message 

el se 

ei/bd if 

cout « "The sales cannot 
be less than 0."«endl; 
//end if 



Figure 6-30 IPO chart information and C++ instructions for the Golf Pro problem 

The fifth step in the problem-solving process is to desk-check the program. 
You begin by placing the names of the declared variables and named con¬ 
stants (if any) in a new desk-check table, along with their initial values. You 
then desk-check the remaining C++ instructions in order, recording in the 
desk-check table any changes made to the variables. Figure 6-31 shows the 
completed desk-check table for the Golf Pro program. The results agree with 
those shown in the algorithm’s desk-check table in Figure 6-29. 



Figure 6-31 Completed desk-check table for the Golf Pro program 

The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer, and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 
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DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Lab6-2 Project and save it in the Cpp6\Chap06 
folder. Enter the instructions shown in Figure 6-32 in a source file named 
Lab6-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\Chap06 folder. Now follow the appropriate instruc¬ 
tions for running the Lab6-2.cpp file. Use the sample data from Figure 6-31 
to test the program. If necessary, correct any bugs (errors) in the program. 



1 

//Lab6-2.cpp - displays a salesperson's commission 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

#include <iomanip> 


6 

7 

using namespace std; 


8 

int main() 


9 

{ 



10 


//declare variables 


11 


int sales = 0; 


12 


double commission =0.0; 


13 




14 


//enter input 


15 


cout « "Sales: "; 


16 


ci n » sal es; 


17 




18 


//determine commission 


19 


if (sales < 0) 


20 


commission = -1; 


21 


else if (sales <= 100000) 


22 


commission=sales * .02; 


23 


else if (sales <= 400000) 


24 


commission = (sales - 100000) * .05 + 2000; 

25 


el se 


26 


commission = (sales - 400000) * .1 + 17000; 

27 


//end if 


28 




29 


//display commission or error message 

30 


if (commission != -1) 


31 


{ 


32 


cout « fixed « setprecision(2) ; 

33 


cout « "Commission: $" « commission « endl; 

34 


} 


35 


el se 


36 


cout « "The sales cannot be less than 0.' 

« endl; 

37 


//end if 



38 



if your C++ development 


39 


system("pause"); - 

tool does not require this 
statement, either omit it 


40 


return 0; 

or make it a comment 


41 

} 

//end of main function 




Figure 6-32 Golf Pro program 
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AB 6-3 Modify 


If necessary, create a new project named Lab6-3 Project. Enter 
(or copy) the Lab6-2.cpp instructions into a new source file 
named Lab6-3.cpp. Change Lab6-2.cpp in the first comment to 
Lab6-3.cpp. Golf Pro now uses the information shown in Figure 6-33 to 
determine a salesperson’s commission. Modify the program appropriately. 
Use the swi tch statement to determine the commission. If the sales are less 
than zero, display the message “The sales cannot be less than 0.” If the code 
is not 1, 2, or 3, display the message “Invalid code” and don’t ask the user for 
a sales amount. Test the program three times using the test data included in 
Figure 6-33. Now test it a fourth time using an invalid code. Finally, test it a 
fifth time using an invalid sales amount. 


Code Commission 

1 multiply the sales by 2 % 

2 multiply the sales over 100,000 by 5% and then add 2000 to the result 

3 multiply the sales over 400,000 by 10% and then add 17000 to the result 

Example 1 

Code: 1 
Sales: $1000 

Commission: 1000 * .02 = 20 

Example 2 

Code: 2 
Sales: $110,000 

Commission: (110,000 -100,000) * .05 + 2000 = 2500 

Example 3 

Code: 3 
Sales: $500,000 

Commission: (500,000 - 400,000) * .1 + 17000 = 27000 


Figure 6-33 Problem specification and calculation examples for Lab 6-3 
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AB 6-4 Desk-Check 


Desk-check the code shown in Figure 6-34 three times, using the 
numbers 2, 5, and 100. 


//declare variable 
int number = 0; 

//enter input item 
cout « "Enter a number: 
ci n » number; 

//perform calculations 
switch (number) 

{ 

case 1: 
case 2: 
case 3: 

number = number * 2; 
break; 
case 4: 
case 5: 

number = number + 5; 
break; 
default: 

number=number - 50; 

} //end switch 

//display number 

cout « "Final number: "« number « end!; 



Figure 6-34 Code for Lab 6-4 



1 


AB 6-5 Debug 


Follow the instructions for starting C++ and running the program 
contained in the Lab6-5.cpp file. The file is contained in either the 
Cpp6\Chap06\Lab6-5 Project folder or the Cpp6\Chap06 folder. 
Test the program using the following codes: 1, 2, 3, 4, 5, 9, and -3. Debug 
the program. 
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Summary 

• You can nest a selection structure within either the true or false path of 
another selection structure. 

• Logic errors commonly made when writing selection structures usually 
are a result of one of the following three mistakes: using a compound con¬ 
dition rather than a nested selection structure, reversing the decisions in 
the outer and nested selection structures, or using an unnecessary nested 
selection structure. 

• Some solutions require selection structures that can choose from several 
alternatives. The selection structures are commonly referred to as multi¬ 
ple-alternative selection structures or extended selection structures. You 
can code these selection structures using either the multiple-alternative 
form of the i f statement or the swi tch statement. 

• In a flowchart, a diamond is used to represent the condition in a multiple- 
alternative selection structure. The diamond has one flowline leading into 
the symbol and several flowlines leading out of the symbol. Each flowline 
leading out of the diamond represents a possible path and must be marked 
to indicate the value or values necessary for the path to be chosen. 

• In a swi tch statement, the data type of the value in each case 
clause should be compatible with the data type of the statement’s 
selectorExpression. The selectorExpression must evaluate to a value 
whose datatype is bool, char, short, int, or long. 

• Most case clauses in a swi tch statement contain a break statement, 
which tells the computer to leave the swi tch statement. 

• It is a good programming practice to include a comment (such as //end 
swi tch) to identify the end of a swi tch statement in a program. 

Key Terms 

break statement— a C++ statement used to tell the computer to leave a 
swi tch statement 

Extended selection structures —another name for multiple-alternative 
selection structures 

Multiple-alternative selection structures —selection structures that contain 
several alternatives; also called extended selection structures; can be coded 
using either the multiple-alternative form of the i f statement or the swi tch 
statement 

Nested selection structure —a selection structure that is wholly contained 
(nested) within another selection structure 

switch statement— a C++ statement that can be used to code a multiple- 
alternative selection structure 









Review Questions 


Review Questions 

Use the code shown in Figure 6-35 to answer Review Questions 1 through 3. 


int number = 0; 
cout « "Number: "; 
cin » number; 

if (number <= 100) 

number = number * 2; 

el se 

if (number > 500) 

number = number * 3; 
//end if 
//end if 
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Figure 6-35 


1. If the number variable contains the integer 90, what value will be in 
the number variable after the code shown in Figure 6-35 is processed? 

a. 0 

b. 90 

c. 180 

d. 270 

2. If the number variable contains the integer 1000, what value will be in 
the number variable after the code shown in Figure 6-35 is processed? 

a. 0 

b. 1000 

c. 2000 

d. 3000 

3. If the number variable contains the integer 200, what value will be in 
the number variable after the code shown in Figure 6-35 is processed? 

a. 0 

b. 200 


c. 400 

d. 600 
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Use the code shown in Figure 6-36 to answer Review Questions 4 through 7. 


int 

i d = 0; 


cout 

« "ID: 

II , 

J 

ci n » i d; 


if C 

id == 1) 



cout « 

"lanet"; 

el se 

if (id 

== 2 || id == 3) 


cout « 

"Mark"; 

el se 

if (id 

== 4) 


cout « 

"lerry"; 

el se 




cout « 

"Sue"; 

//end if 




Figure 6-36 

4. What will the code in Figure 6-36 display when the i d variable 
contains the number 2? 

a. Janet 

b. Jerry 

c. Mark 

d. Sue 

5. What will the code in Figure 6-36 display when the i d variable 
contains the number 4? 

a. Janet 

b. Jerry 

c. Mark 

d. Sue 

6. What will the code in Figure 6-36 display when the i d variable 
contains the number 3? 

a. Janet 

b. Jerry 

c. Mark 

d. Sue 

7. What will the code in Figure 6-36 display when the i d variable 
contains the number 8? 

a. Janet 

b. Jerry 

c. Mark 


d. Sue 









Review Questions 


Use the code shown in Figure 6-37 to answer Review Questions 8 through 10. 


int id = 0; 
cout « "ID: 
ci n » i d; 

switch (id) 

{ 

case 1: 

cout « "Danet"; 
break; 
case 2: 

cout « "Mark"; 
break; 
case 3: 
case 5: 

cout « "Derry"; 
break; 
default: 

cout « "Sue"; 

} //end switch 
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Figure 6-37 

8. What will the code in Figure 6-37 display when the i d variable 
contains the number 2? 

a. Janet 

b. Jerry 

c. Mark 

d. Sue 

9. What will the code in Figure 6-37 display when the i d variable 
contains the number 4? 

a. Janet 

b. Jerry 

c. Mark 

d. Sue 

10. What will the code in Figure 6-37 display when the i d variable 
contains the number 3? 

a. Janet 

b. Jerry 

c. Mark 


d. Sue 
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Exercises 



Pencil and Paper 


TRY THIS 1. Using the multiple-alternative form of the i f statement, write the 

C++ code for a multiple-alternative selection structure that displays 
the month corresponding to the number entered by the user. The 
number is stored in an i nt variable named monthNum. For example, 
if the monthNum variable contains the number 1, the selection struc¬ 
ture should display the string “January”. If the month number is not 
1 through 12, display the “Incorrect month number” message. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 


TRY THIS 2. Using the swi tch statement, write the C++ code that corresponds 

to the partial flowchart shown in Figure 6-38. Use a char variable 
named code and a double variable named rate. (The answers to 
TRY THIS Exercises are located at the end of the chapter.) 



Figure 6-38 


MODIFY THIS 


3. Complete TRY THIS Exercise 1, and then rewrite the code using the 
swi tch statement. 


MODIFY THIS 


INTRODUCTORY 


INTRODUCTORY 


4. Complete TRY THIS Exercise 2, and then change the swi tch 
statement to the multiple-alternative form of the i f statement. 

5. Write the C++ code to display the message “Entry error” when the 
value in the units variable is less than or equal to 0. Otherwise, cal¬ 
culate the total owed as follows: If the units variable’s value is less 
than 10, multiply the value by $5; otherwise, multiply it by $10. Store 
the total owed in the total variable. 

6. A program stores sales amounts in two i nt variables named 
marySal es and j i mSal es. Write the C++ code to display the 
message “Mary and Jim sold the same amount” when both variables 
contain the same number. If both variables contain different numbers, 
the code should compare both numbers and then display either the 
message “Mary sold more than Jim” or the message “Jim sold more 
than Mary". 









































Exercises 


7. A program uses a char variable named department and two doubl e 
variables named sal ary and rai se. The department variable con¬ 
tains one of the following letters (entered in either uppercase or lower¬ 
case): A, B, C, or D. Employees in departments A and B are receiving 

a 2% raise. Employees in department C are receiving a 1.5% raise, and 
employees in department D are receiving a 3% raise. Using the swi tch 
statement, write the C++ code to calculate the appropriate raise amount 

8. A program uses a char variable named membershi p and an i nt 
variable named age. The membershi p variable contains one of the 
following letters (entered in either uppercase or lowercase): M or N. 
The letter M stands for member, and the letter N stands for non-mem¬ 
ber. The program should display the appropriate seminar fee, which 
is based on a person’s membership status and age. The fee schedule is 
shown in Figure 6-39. Write the C++ code to display the fee. 


Seminar fee 

Criteria 

$10 

Club member less than 65 years old 

$5 

Club member at least 65 years old 

$20 

Non-member 


Figure 6-39 

9. The C++ code shown in Figure 6-40 should display “Illinois” when the SWAT THE BUGS 
state code is 1, “Kentucky” when it’s 2, “New Hampshire” when it’s 3, 

“Vermont” when it’s 4, and “Massachusetts” when it’s 5. If the state 
code is not 1 through 5, the code should display the “Unknown state” 
message. Correct the errors in the code. 


INTERMEDIATE 


201 


ADVANCED 


char stateCode = ' '; 

cout « "State code (1, 2, 3, 4, or 5): " 
cin » stateCode; 
switch (stateCode) 

{ 

case "1": 



cout « "111inois"; 
break; 

case '2': 

break; 

cout « "Kentucky"; 

case 3: 

cout « "New Hampshire" 

case 4: 

cout « "Vermont"; 

case 5: 

cout « "Massachusetts" 
break; 

default: 

cout « "Unknown state" 

//end switch 


Figure 6-40 
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Computer 


TRY THIS 10. Complete Figure 6-41 by writing the algorithm and corresponding 

C++ instructions. Employees with a pay code of either 4 or 9 receive 
a 5% raise. Employees with a pay code of either 2 or 10 receive a 
4% raise. All other employees receive a 3% raise. Use the multiple- 
alternative form of the i f statement to code the multiple-alternative 
selection structure. Enter the C++ instructions into a source file 
named TryThislO.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Display the new pay 
in fixed-point notation with two decimal places. Save and run the 
program. Test the program using 1 and 500 as the pay code and cur¬ 
rent pay. The new pay should be $515.00. Now test the program using 
the following four sets of input values: 4 and 450, 9 and 500, 2 and 
625, 10 and 500. (The answers to TRY THIS Exercises are located at 
the end of the chapter.) 


IPO chart information 
Input 

pay oode 
twcrtvdc pay 
raise rate l (3 fo) 
raise rate 2 (4^6) 
raise rate 3 {5°fc) 

Processing 

raise 

Output 

ruewpay 

Algorithm 


C++ instructions 

i nt code = 0; 
double currentPay=0.0; 
const double RATE1= .03 
const double RATE2 = .04 
const double RATE3= .05 


double raise = 0.0; 

double newPay = 0.0; 


Figure 6-41 

TRY THIS 11. Code the algorithm shown in Figure 6-42. Use the swi tch state¬ 

ment to code the multiple-alternative selection structure. Enter the 
C++ instructions into a source file named TryThisll.cpp. Also enter 
appropriate comments and any additional instructions required by 
the compiler. Save and run the program. Test the program using the 
following codes: 1, 2, 3, and 7. (The answers to TRY THIS Exercises 
are located at the end of the chapter.) 















Exercises 


IPO chart information C++ instructions 

Input 

department eode (l, 2, or 3) i nt deptCode = 0; 

Processing 

MM 


Output 

salary 


int salary = 0; 


Algorithm 

1. filter the department eode 

2. If (the department eode Is one of the following:) 

1 salary = 2 5000 

2 salary = 30000 

3 salary = 32000 

other display "Invalid eode" 

salary = 0 

end if 

3. display salary 



Figure 6-42 


12. Complete TRY THIS Exercise 10. Enter (or copy) the instruc¬ 
tions from the TryThislO.cpp file into a new source file named 
ModifyThisl2.cpp. Be sure to change the filename in the first com¬ 
ment. Modify the code in the ModifyThisl2.cpp file so that it veri¬ 
fies that the pay code is 1 through 10 only. If the pay code is not 1 
through 10, don’t prompt the user for the current pay. Instead, display 
the “Invalid pay code” message. Save and run the program. Test the 
program using 1 and 500 as the pay code and current pay. Now test 
it using the following six sets of input values: 4 and 450, 9 and 500, 2 
and 625, 10 and 500, 6 and 150, and 11. 


MODIFY THIS 


13. Karlton Learning wants a program that displays the amount of money 
a company owes for a seminar. The fee per person is based on the 
number of people the company registers, as shown in Figure 6-43. For 
example, if the company registers seven people, then the total amount 
owed is $560. If the user enters a number that is less than or equal to 
zero, the program should display an appropriate error message. 


INTRODUCTORY 


Number of registrants 

Fee per person 

1 through 4 

$100 

5 through 10 

$80 

11 or more 

$60 


Figure 6-43 


a. Create an IPO chart for the problem, and then desk-check the 
algorithm five times, using the numbers 4, 8,12, 0, and -2 as the 
number of people registered. 
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b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 6-42. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Introduc- 
toryl3.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

INTRODUCTORY 14. The owner of Harry’s Car Sales pays each salesperson a commission 

based on his or her monthly sales. The sales ranges and correspond¬ 
ing commission rates are shown in Figure 6-44. 


Monthly sales ($) 

Commission rate 

0- 19,999.99 

4% 

20,000-29,999.99 

5% 

30,000-39,999.99 

6% 

40,000-49,999.99 

7% 

50,000 or more 

9% 

Less than 0 

0% 


Figure 6-44 


a. Create an IPO chart for the problem, and then desk-check the 
algorithm six times, using sales of 2500, 28500.35, 35678.99, 
42300, 50000, and -3. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 6-42. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Introduc¬ 
tory 14.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. Display the commission in 
fixed-point notation with two decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

INTERMEDIATE 15. In this exercise, you create a program that displays the number of 

daily calories needed to maintain your current weight. The number 
of calories is based on your gender, activity level, and weight. The for¬ 
mulas for calculating the daily calories are shown in Figure 6-45. 









Exercises 


Formulas 

Moderately active female: 
Relatively inactive female: 
Moderately active male: 
Relatively inactive male: 


total daily calories 
total daily calories 
total daily calories 
total daily calories 


weight multiplied by 12 
calories per pound 
weight multiplied by 10 
calories per pound 
weight multiplied by 15 
calories per pound 
weight multiplied by 13 
calories per pound 


Test data 

Gender Activity Weight 

F I 150 

F A 120 

M I 180 

M A 200 



Figure 6-45 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm four times, using the test data included in Figure 6-45. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 6-42. 

Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Intermedi¬ 
ated.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

16. In this exercise, you create a program that adds, subtracts, multiplies, INTERMEDIATE 
or divides two integers. The program will need to get a letter (A for 
addition, S for subtraction, M for multiplication, or D for division) 
and two integers from the user. If the user enters an invalid letter, 
the program should not ask the user for the two integers. Instead, 
it should display an appropriate error message before the program 
ends. If the letter is A (or a), the program should calculate and display 
the sum of both integers. If the letter is S (or s), the program should 
display the difference between both integers. When calculating the 
difference, always subtract the smaller number from the larger one. 

If the letter is M (or m), the program should display the product 
of both integers. If the letter is D (or d), the program should divide 
both integers, always dividing the larger number by the smaller one. 

Figure 6-46 shows the test data you will use for this exercise. 
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Figure 6-46 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm using the test data shown in Figure 6-46. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 6-42. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named Intermedi- 
atel6.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

ADVANCED 17. In this exercise, you create a program that converts US Dollars to a 

different currency. The currencies and exchange rates are listed in 
Figure 6-47. The user should be allowed to choose the currency. (Hint: 
Designate a code for each currency and use cout statements to display 
the code and corresponding currency.) The number of American Dol¬ 
lars should always be an integer that is greater than or equal to zero. 


Test data 

ODeration 

First integer 

Second integer 

A 

10 

20 

a 

45 

15 

S 

65 

50 

s 

7 

13 

G 



M 

10 

20 

d 

45 

15 

d 

50 

100 


Currency 

Exchange rate 

Canada Dollar 

1.01615 

Eurozone Euro 

.638490 

India Rupee 

40.1798 

Japan Yen 

104.390 

Mexico Peso 

10.4613 

South Africa Rand 

7.60310 

United Kingdom Pound 

.504285 


Figure 6-47 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm nine times. For the first seven desk-checks, convert 10 
American Dollars to each of the seven different currencies. For 
the eighth desk-check, test the algorithm using -3 as the number 
of American Dollars. For the last deck-check, test the algorithm 
using an invalid currency code. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 6-42. 
Then code the algorithm into a program. 
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c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Advancedl7.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Display the 
results in fixed-point notation with two decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

18. Shopper Haven wants a program that displays the number of reward ADVANCED 
points a customer earns each month. The reward points are based 
on the customer’s membership type and total monthly purchase 
amount, as shown in Figure 6-48. 



Membership type 

Standard 

Total monthly 
purchase ($) 

Less than 75 
75- 149.99 
150 and over 

Plus 

Less than 150 
150 and over 

Premium 

Less than 200 
200 and over 


Reward points 

5% of the total monthly purchase 
7.5% of the total monthly purchase 
10% of the total monthly purchase 

6% of the total monthly purchase 
13% of the total monthly purchase 

4% of the total monthly purchase 
15% of the total monthly purchase 


Figure 6-48 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm appropriately. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 6-42. 

Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Advancedl8.cpp. Also enter appropriate comments and any addi¬ 
tional instructions required by the compiler. Display the reward 
points in fixed-point notation with no decimal places. 

e. Save and run the program. Test the program using the same data 
used to desk-check the program. 

19. In this exercise, you experiment with the swi tch statement. ADVANCED 

a. Follow the instructions for starting C++ and opening the 
Advancedl9.cpp file. The file is contained in either the Cpp6\ 
Chap06\Advancedl9 Project folder or the Cpp6\Chap06 folder. 

Run the program. When you are prompted to enter a grade, type 
d and press Enter. What, if anything, did the swi tch statement 
display on the screen? Stop the program. 
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b. Enter a break ; statement in the case ' d ' : clause. Save and 
then run the program. When you are prompted to enter a grade, 
type d and press Enter. What, if anything, did the swi tch state¬ 
ment display on the screen? Stop the program. 

c. Remove the break ; statement from the case ' d ' : clause. Also 
remove the break ; statement from the case ' f ' : clause. Save 
and then run the program. When you are prompted to enter a 
grade, type d and press Enter. What, if anything, did the swi tch 
statement display on the screen? Stop the program. 

d. Put the break ; statement back in the case ' f' : clause, and 
then save and run the program. When you are prompted to enter 
a grade, type d and press Enter. Stop the program. 

ADVANCED 20. In this exercise, you experiment with the swi tch statement. 

a. Follow the instructions for starting C++ and opening the 
Advanced20.cpp file. The file is contained in either the Cpp6\ 
Chap06\Advanced20 Project folder or the Cpp6\Chap06 folder. 
The program uses the switch statement to display the names of 
the gifts mentioned in the song “The Twelve Days of Christmas.” 

b. Run the program. When you are prompted to enter the day, type 
the number 1 and press Enter. The names of the gifts for the first 
through the twelfth day appear on the screen. Stop the program. 

c. Run the program again. When you are prompted to enter the 
day, type the number 9 and press Enter. The names of the gifts for 
the ninth through the twelfth day appear on the screen. Stop the 
program. 

d. Modify the program so that it displays only the name of the gift 
corresponding to the day entered by the user. For example, when 
the user enters the number 4, the program should display the “4 
calling birds” message only. 

e. Save and then run the program. When you are prompted to enter 
the day, type the number 4 and press Enter. The “4 calling birds” 
message should appear on the screen. Stop the program, and then 
test it using the numbers 1 and 9. 

ADVANCED 21. In this exercise, you will include a Boolean value in a swi tch state¬ 

ment. Follow the instructions for starting C++ and opening the 
Advanced21.cpp file. The file is contained in either the Cpp6\Chap06\ 
Advanced21 Project folder or the Cpp6\Chap06 folder. Replace the 
dual-alternative i f statement with a swi tch statement. Save and 
then run the program. Test the program appropriately. 

SWAT THE BUGS 22. Follow the instructions for starting your C++ system and opening 

the SwatTheBugs22.cpp file. The file is contained in either the Cpp6\ 
Chap06\SwatTheBugs22 Project folder or the Cpp6\Chap06 folder. 
Test the program using 1 as the code and 10 as the old price. Then 
test it using the following data: 2 and 10, 3 and 20, and 4. Debug 
the program. 








Exercises 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. See Figure 6-49. 


if (monthNum == 1) 

cout « "Danuary"; 
else if (monthNum == 2) 
cout « "February"; 
else if (monthNum == 3) 
cout «"March"; 
else if (monthNum == 4) 
cout « "Apri1"; 
else if (monthNum == 5) 
cout « "May"; 
else if (monthNum == 6) 
cout « "Dune"; 
else if (monthNum == 7) 
cout « "Duly"; 
else if (monthNum == 8) 
cout « "August"; 
else if (monthNum == 9) 
cout « "September"; 
else if (monthNum == 10) 
cout « "October"; 
else if (monthNum == 11) 
cout « "November"; 
else if (monthNum ==12) 
cout « "December"; 

el se 

cout « "Incorrect month number"; 
//end if 


Figure 6-49 

2. See Figure 6-50. 


switch (code) 


case 

'1' : 

rate = 
break; 

.02; 

case 

'2' : 



case 

'3' : 



case 

'4' : 

rate = 
break; 

.05; 

case 

'5' : 

rate = 
break; 

■ i; 

case 

'6' : 



case 

'7' : 

rate = 
break; 

■ 15; 

default: 





rate = 

-1;; 

//end 

switch 



Figure 6-50 
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Computer 


10. See Figures 6-51 and 6-52. 


IPO chart information 

C++ instructions 

Input 

pay code 

i nt code = 0; 

current pay 

double currentPay = 0.0; 

raise rate l ( 3 $) 

const double RATE1= .03; 

raise rate 2 (4^) 

const double RATE2 = .04; 

raise rate 3 (sfi) 

const double RATE3 = .05; 

Processing 

raise 

double raise = 0.0; 

Output 

new pay 

doubl e newPay = 0.0; 

Algorithm 

1. enter the pay code a rut current pay 

cout « "Pay code : "; 
ci n » code; 

cout « "Current pay: "; 
cin » currentPay; 

2. if (the pay code is 4 orj)) 

if (code == 4 || code == 9) 

calculate the raise by multiplying 

rai se = currentPay * RATE3 ; 

the current pa y by raise rate 3 

else if (the pay code is 2 or 1 0) 

else if (code == 2 || code == 10) 

calculate the raise by multiplying 

raise = currentPay * RATE2 ; 

the current pay by raise rate 2 

else 

el se 

calculate the raise by multiplying 

raise = currentPay * RATE1; 

the current pay by raise rate 1 

//end if 

tvud if 

3. calculatethe new pay by adding 

newPay = currentPay + raise ; 

the raise to the current pay 

4 . display the new pay 

cout « "New pay: $" « 
newPay « endl ; 



Figure 6-51 















Exercises 


1 //TryThislO.cpp - displays the new pay 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 //declare named constants and variables 


11 const double RATE1 = .03 

12 const double RATE2 = .04 

13 const double RATE3 = .05 

14 int code = 0; 

15 double currentPay = 0.0 

16 double raise = 0.0 

17 double newPay =0.0 


18 

19 //enter input items 

20 cout « "Pay code: 

21 ci n » code; 

22 cout « "Current pay: 

23 cin » currentPay; 

24 

25 //calculate raise and new pay 

26 if (code == 4 || code == 9) 

27 raise=currentPay* RATE3; 

28 else if (code == 2 || code == 10) 

29 raise = currentPay * RATE2; 

30 else 

31 raise = currentPay * RATE1; 

32 //end if 

33 newPay=currentPay+ raise; 

34 

35 //display new pay 

36 cout « fixed « setpreci sion(2) ; 

37 cout « "New pay: $"« newPay « endl ; 

38 

39 system("pause"); 

40 return 0; 

41 } //end of main function 


211 


Figure 6-52 
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11. See Figure 6-53. 


IPO chart information 

Input 

C++ instructions 


de-pa rtment code (l, 2 , or 3) 

Processing 

none 

int deptCode = 0; 


Output 

salary 

int salary = 0; 


Algorithm 

1. enter the department code 

cout « "Department code (1, 2, 
cin » deptCode; 

or 3): "; 

2. if (the department code is one 

switch (deptCode) 


of the following:) 

{ 


1 salary = 2 5000 

case 1: 

salary = 25000; 
break; 


2 salary = 3,0000 

case 2: 

salary = 30000; 
break; 


3 salary = 32000 

case 3: 

salary = 32000; 
break; 


other display "invalid code" 

default: 


salary = 0 

cout « "Invalid code" « 
salary = 0; 

endl ; 

end if 

} //end switch 


3. display salary 

cout « "Salary: $" « salary 

« endl; 



Figure 6-53 
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The Repetition Structure 



After studying Chapter 7, you should be able to: 

® Differentiate between a pretest loop and a posttest loop 
® Include a pretest loop in pseudocode 
® Include a pretest loop in a flowchart 
® Code a pretest loop using the C++ whi 1 e statement 
<§> Utilize counter and accumulator variables 
® Code a pretest loop using the C++ for statement 
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Pretest and 
posttest loops 
^ also are called 
top-driven and 
bottom-driven 
loops, respectively. 

You can nest 
loops, which 
s means you can 
place one loop 
within another 
loop. Nested loops are 
covered in Chapter 8. 


Repeating Program Instructions 

Recall that all computer programs are written using one or more of three 
control structures: sequence, selection, and repetition. You learned about the 
sequence and selection structures in previous chapters. This chapter provides 
an introduction to the repetition structure. Programmers use the repetition 
structure, referred to more simply as a loop, when they need the computer 
to repeatedly process one or more program instructions. The loop contains 
a condition that controls whether the instructions are repeated. In many 
programming languages, the condition can be phrased in one of two ways. It 
can either specify the requirement for repeating the instructions or specify 
the requirement for not repeating them. The requirement for repeating 
the instructions is referred to as the looping condition, because it indicates 
when the computer should continue “looping” through the instructions. The 
requirement for not repeating the instructions is referred to as the loop exit 
condition, because it tells the computer when to exit (or stop) the loop. An 
example may help illustrate the difference between the looping condition and 
loop exit condition. You’ve probably heard the old adage “Make hay while 
the sun shines.” The “while the sun shines” is the looping condition, because 
it tells you when to continue making hay. The adage also could be phrased 
as “Make hay until the sun is no longer shining.” In this case, the “until the 
sun is no longer shining” is the loop exit condition, because it indicates when 
you should stop making hay. Every looping condition has an opposing loop 
exit condition; in other words, one is the opposite of the other. In the C++ 
programming language, the repetition structure’s condition is always phrased 
as a looping condition, which means it always contains the requirement for 
repeating the instructions within the loop. 

A repetition structure can be either a pretest loop or a posttest loop. In both 
types of loops, the condition is evaluated with each repetition (or iteration) 
of the loop. In a pretest loop, the condition is evaluated before the instruc¬ 
tions within the loop are processed. In a posttest loop, the evaluation occurs 
after the instructions within the loop are processed. Depending on the result 
of the evaluation, the instructions in a pretest loop may never be processed. 
The instructions in a posttest loop, however, always will be processed at least 
once. Of the two types of loops, the pretest loop is the most commonly used. 
You will learn about pretest loops in this chapter; posttest loops are covered 
in Chapter 8. 

The programmer determines whether a problem’s solution requires a rep¬ 
etition structure by studying the problem specification. The first problem 
specification you will examine in this chapter involves Robin, the mechani¬ 
cal woman. The problem specification and an illustration of the problem are 
shown in Figure 7-1, along with a correct algorithm written in pseudocode. 
The algorithm uses only the sequence structure, because no decisions need 
to be made and no instructions need to be repeated. 








Repeating Program Instructions 


Robin is sitting at a table in a bookstore. Robin needs to sign a copy of her 
bestselling book on Robotics for a customer. 


1. accept the book, f rom the cu.stom.er 

2. place the boote dia. tloe table 

3. opeiA, the froiAt cover of the book, 

4 . slgio. your io.am.e dia, the first page 
s: close the book, 

£>. retu.riA.the book to the customer 
y-. thaiA.fe the customer 




Figure 7-1 A problem that requires the sequence structure only 

Now let’s change the problem specification slightly. Here again, Robin 
is sitting at a table in the bookstore; but this time, she’s there for a book 
signing. The store has just opened, and there’s already a long line of 
customers. Robin doesn’t want to disappoint her fans, so she plans on 
staying until every book is signed. Consider how this change will affect 
the original algorithm from Figure 7-1. The original algorithm contains 
the instructions for signing only one customer’s book. In the modified 
algorithm, Robin will need to follow the same instructions for every cus¬ 
tomer waiting in line. Figure 7-2 shows the modified problem specification 
along with the modified algorithm, which contains both the sequence and 
repetition structures. The repetition structure begins with the repent while 
(there are customers lw Lli/ce) clause and ends with the ewot repeat clause. The 
instructions between both clauses are indented to indicate that they are part 
of the repetition structure. The instructions between both clauses are called 
the loop body. The portion within parentheses in the repeat while (there are 
customers Lw LIm) clause specifies the repetition structure’s condition. The 
condition is phrased as a looping condition, because it tells Robin when to 
repeat the instructions. In this case, she should repeat the instructions as 
long as (or while) “there are customers in line.” Similar to the condition in a 
selection structure, the condition in a repetition structure must evaluate to 
a Boolean value: either true or false. The condition in Figure 7-2 evaluates to 
true when there are customers in line and evaluates to false when there are 
no customers in line. If the condition evaluates to true, Robin should follow 
the loop body instructions. She should skip over those instructions when 
the condition evaluates to false. 
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The opposite of 

repeat while (there 
^ are cu.stom.ers in 
Uwe) is repeat 
um.ll (there are 
wo customers Iia. 11we). 



Figure 7-2 A problem that requires the sequence and repetition structures 

Using a Pretest Loop to Solve 
a Real-World Problem 

As you already know, not every solution to a problem requires a loop. Con¬ 
sider, for example, the problem specification and IPO chart for Carroll 
Cabinets; both are shown in Figure 7-3. The problem specification indicates 
that the bonus for only one employee needs to be calculated and displayed. 
Therefore, the three instructions in the algorithm will need to be processed 
only once. Because no instructions need to be repeated, the algorithm does 
not require a loop. 


Problem specification 

At the beginning of each year, the president of Carroll Cabinets is paid a 5% 
bonus. The bonus is based on the amount of sales made by the company during 
the previous year. The payroll clerk wants a program that calculates and displays 
the bonus amount. 

Input Processing Output 

bonus rate { 5 °{o) Process ,liwg Item.s: none bonus 

sales 


calculates and 
displays the bonus 
for one employee only 


Algorithm.: 

1. enter the sales 

2 . calculate the bonus by multiply liwg 
the sales by the bonus rate 

3 . display the boiwus 


Figure 7-3 Problem specification and IPO chart for the Carroll Cabinets program 
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Now consider the Miller Incorporated problem specification and IPO chart, 
which are shown in Figure 7-4. The problem specification is similar to the 
one for Carroll Cabinets, except it indicates that the program will need to cal¬ 
culate and display the bonus for more than one employee. You could use the 
algorithm shown earlier in Figure 7-3 to solve the Miller Incorporated prob¬ 
lem. However, that algorithm is inefficient for the current problem, because 
it calculates and displays only one bonus amount. A program based on the 
algorithm in Figure 7-3 would need to be executed once for each salesperson 
receiving a bonus. In other words, if Miller Incorporated had 100 salespeople, 
the payroll clerk would need to run the program 100 times. The Miller Incor¬ 
porated problem specification, you will notice, indicates that the payroll clerk 
wants to calculate and display each salesperson’s bonus without having to run 
the program more than once. To accomplish this, the algorithm will need a 
repetition structure, as shown in Figure 7-4. After running a program based 
on the algorithm in Figure 7-4, the payroll clerk can calculate and display the 
bonus amount for any number of salespeople. The program will end when the 
payroll clerk enters -1 (a negative number one) as the sales amount. 



Problem specification 

In January of each year, Miller Incorporated pays a 5% bonus to each of its 
salespeople. The bonus is based on the amount of sales made by the salesperson 
during the previous year. The payroll clerk wants a program that calculates and 
displays the bonus amounts for as many salespeople as needed without having 
to run the program more than once. Because the sales amounts entered by the 
payroll clerk will always be positive numbers, the payroll clerk will indicate that he 
is finished with the program by entering a sales amount of -1 (a negative 
number 1). 


Input Processing Output 

bowixs rate (s'fe) Process!wg Itei-us: wowe bowus 

sales 

Algorithm: 

1. ewter the sales - 

2. repeat while (the sales are wot equal to -l) 

calculate the bowus by rwultlplylwg the sales by 
the bowus rate 
display the bowus 
ewterthe sales 

ewd repeat - 


calculates and displays 
the bonus for as many 
salespeople as needed 


Figure 7-4 Problem specification and IPO chart for the Miller Incorporated program 
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Sentinel values 
are often referred 
s to as trip values, 
because they 
release the loop 
from its task. They also 
are called trailer values, 
because they are the last 
values entered before 
the loop ends. 


Figure 7-5 identifies the important components of the algorithm shown in 
Figure 7-4. With very rare exceptions, every loop has a condition and a loop 
body. In a pretest loop, the condition appears at the beginning of the loop. As 
mentioned earlier, the condition must result in a Boolean value: either true 
or false. The condition in Figure 7-5 evaluates to true when the sales amount 
is not equal to -1 and evaluates to false when it is equal to -1. Some loops, 
such as the one shown in Figure 7-5, require the user to enter a special value 
to end the loop. Values that are used to end loops are referred to as sentinel 
values. In the loop in Figure 7-5, the sentinel value is -1. The sentinel value 
should be one that is easily distinguishable from the valid data recognized by 
the program. The number 1000 would not be a good sentinel value for the 
loop in Figure 7-5, because it is possible for a salesperson to sell $1,000 in 
product. The number -1, on the other hand, is a good sentinel value for the 
loop, because the problem specification states that the sales amount is always 
a positive number. 


priming 

read 


Algorithm.: 

-i. ewter the sales 

,r 


condition 


loop body 


2. repeat while (the scries are wot equal to -i) 

- calculate the bowns by multiply the sales by the bowns rate 

display the bowns 
-ewter the sales 


sentinel value 


end repeat 


Figure 7-5 Components of the algorithm from Figure 7-4 

When a loop’s condition evaluates to true, the one or more instructions 
listed in the loop body are processed; otherwise, the loop body instructions 
are skipped over. After each processing of the loop body instructions, the 
loop’s condition is reevaluated to determine whether the instructions should 
be processed again. The loop body instructions are processed and the loop’s 
condition is evaluated until the condition evaluates to false, at which time 
the loop ends and processing continues with the instruction immediately 
following the end of the loop. Keep in mind that, because the condition in 
a pretest loop is evaluated before any of the instructions within the loop 
body are processed, it is possible that the loop body instructions may not 
be processed at all. For example, if the payroll clerk at Miller Incorporated 
enters the number -1 as the first sales amount, the condition in Figure 7-5’s 
loop will evaluate to false and the instructions in the loop body will not be 
processed during that run of the program. 

Notice that the algorithm in Figure 7-5 contains two enter the sales instruc¬ 
tions. One of the instructions appears above the loop, and the other appears 
as the last instruction in the loop body. The enter the sales instruction 
above the loop is referred to as the priming read, because it is used to prime 
(prepare or set up) the loop. The priming read initializes the loop condition 
by providing its first value. In this case, the priming read gets only the 
first sales amount from the user. The first sales amount is compared to the 
sentinel value (-1) and determines whether the loop body instructions are 
processed at all. If the loop body instructions are processed, the enter the 
sales instruction in the loop body gets the remaining sales amounts (if any) 































Flowcharting a Pretest Loop 


from the user. This instruction is referred to as the update read, because it 
allows the user to update the value of the input item (in this case, the sales 
amount) that controls the looping condition. The update read is often an 
exact copy of the priming read. Keep in mind that if you don’t include the 
update read in the loop body, there will be no way to enter the sentinel value 
after the loop body instructions are processed the first time. This is because 
the priming read is processed only once and gets only the first sales amount 
from the user. You will learn more about this in the section titled “The while 
Statement” later in the chapter. 

Flowcharting a Pretest Loop 

Figure 7-6 shows the Miller Incorporated algorithm in flowchart form. 

Recall that the oval in a flowchart is the start/stop symbol, the rectangle is 
the process symbol, the parallelogram is the input/output symbol, and the 
diamond is the decision symbol. The diamond in Figure 7-6 indicates the 
beginning of a repetition structure (loop). Like the diamond in a selection 
structure, the diamond in a repetition structure contains a condition that 
evaluates to either true or false only. The condition determines whether the 
instructions within the loop body are processed. Also like the diamond in a 
selection structure, the diamond in a repetition structure has one flowline 
entering the symbol and two flowlines leaving the symbol. The two flowlines 
leading out of the diamond are marked with a “T” (for true) and an “F” (for 
false). The flowline marked with a “T” leads to the loop body, which contains 
the instructions to be processed when the loop’s condition evaluates to true. 
The flowline marked with an “F”, on the other hand, leads to the instructions 
to be processed when the loop’s condition evaluates to false. Notice that the 
flowline entering the diamond, along with the diamond and the symbols and 
flowlines within the true path, form a circle or loop. It is this loop (circle) 
that distinguishes the repetition structure from the selection structure in a 
flowchart. 




Figure 7-6 Miller Incorporated algorithm shown in flowchart form 
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To illustrate how a loop operates in a program, you will desk-check the algo¬ 
rithm in Figure 7-6 using the following sales data: 10000, 25000, and -1. The 
bonus amounts should be $500 and $1,250. First, you record the input and 
output items in a desk-check table, as shown in Figure 7-7. 


boiA-us rate 

sales 

boiA-us 

.05 





Figure 7-7 Input and output items entered in the desk-check table 

Next, you follow each of the symbols in the flowchart, from top to bottom, 
recording in the desk-check table any changes made to the values of the input 
and output items. The first symbol is the start oval, which merely marks the 
beginning of the flowchart. The next symbol is a parallelogram that gets the 
first sales amount from the user. This symbol represents the priming read. 
Figure 7-8 shows the first sales amount recorded in the desk-check table. 


boiA-us rate 

sales 

bo^us 

.05 

10000 



Figure 7-8 First sales amount recorded in the desk-check table 

The next symbol in the flowchart is a diamond that represents the condi¬ 
tion in a pretest loop. You can tell that the loop is a pretest loop (rather than 
a posttest loop), because the diamond appears before the symbols in both 
the true and false paths. The loop’s condition tells the computer to compare 
the sales amount entered by the user with the sentinel value, which is the 
number -1. In this case, the condition evaluates to true, because 10000 is not 
equal to -1. When the condition evaluates to true, the computer processes 
the instructions in the loop body. The first two instructions in the loop body 
calculate and display the bonus amount. Figure 7-9 shows the first salesper¬ 
son’s bonus information recorded in the desk-check table. The bonus amount 
agrees with your manually calculated results. 


bciA-us rate 

sales 

boi^as 

.05 

10000 

500 


Figure 7-9 First salesperson’s bonus information recorded in the desk-check table 

The last instruction in the loop body in Figure 7-6 is contained in a paral¬ 
lelogram. The instruction gets the next salesperson’s sales amount—in this 
case, 25000—from the user. Recall that this instruction is the update read. 
After the user enters the sales amount, the loop’s condition is reevaluated to 
determine whether the loop should be processed again (a true condition) or 
end (a false condition). Recall that the condition is contained in the diamond 
located at the top of the loop. In this case, the condition evaluates to true, 
because 25000 is not equal to -1. As a result, the bonus amount is calculated 
and then displayed on the screen. Figure 7-10 shows the second salesperson’s 
information recorded in the desk-check table. 
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bonus rate 

scales 

bonus 

.05 

lOOOO 

500 


2 5000 

10.50 


Figure 7-10 Second salesperson’s information recorded in the desk-check table 

The last parallelogram in the loop body gets the next salesperson’s sales 
amount from the user. In this case, the user enters the sentinel value (-1) 
as the sales. Next, the loop’s condition is reevaluated to determine whether 
the loop should be processed again (a true condition) or end (a false condi¬ 
tion). In this case, the condition evaluates to false, because the sales amount 
entered by the user is equal to -1. When the loop’s condition evaluates to 
false, the computer skips over the loop body instructions and processes 
the instruction immediately following the end of the loop. In Figure 7-6’s 
flowchart, the stop oval follows the loop and marks the end of the flowchart. 
The completed desk-check table is shown in Figure 7-11. 



bD^ixs rate 

sales 

bonus 

.05 

10000 

500 


2 5000 

1050 


-1 



Figure 7-11 Completed desk-check table 

You can code a pretest loop in C++ using either the while statement or the 
for statement. First, you will learn how to use the while statement. The for 
statement is covered later in the chapter. 


The while Statement 

Figure 7-12 shows the syntax of the while statement, which you can use to 
code a pretest loop in a C++ program. As the boldfaced text in the syntax 
indicates, the keyword while and the parentheses that surround the condi¬ 
tion are essential components of the statement. The italicized items in the 
syntax indicate where the programmer must supply information. In this case, 
the programmer must supply the looping condition. The condition must be 
a Boolean expression, which is an expression that evaluates to either true or 
false. The expression can contain variables, constants, functions, arithmetic 
operators, comparison operators, and logical operators. Besides providing 
the condition, the programmer also must provide the loop body statements, 
which are the statements to be processed when the condition evaluates to 
true. If more than one statement needs to be processed, the statements must 
be entered as a statement block by enclosing them in a set of braces ({}). 

You also can include the braces when a loop body contains only one state¬ 
ment. By doing this, you won’t need to remember to enter the braces when 
statements are added subsequently to the loop body. Forgetting to enter the 
braces is a common error made when typing the while statement in a pro¬ 
gram. Although not a requirement, it is a good programming practice to use 
a comment (such as //end whi 1 e) to mark the end of the while state¬ 
ment. The comment will make your program easier to read and understand. 
Also included in Figure 7-12 are examples of using the while statement. In 
Example 1, the while (age > 0) clause tells the computer to repeat the 
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loop body instructions as long as (or while) the value in the age variable is 
greater than zero. The loop will stop when the user enters either the number 
0 or a negative number. In Example 2, the whi 1 e (makeEntry == ' Y' 
make Entry == 'y') clause indicates that the loop body instructions should 
be repeated as long as the value in the makeEntry variable is either the upper¬ 
case letter Y or the lowercase letter y. In this case, the loop will stop when the 
user enters anything other than the letter Y or the letter y. You also could write 
the whi 1 e clause as either whi 1 e (toupper(makeEntry) == ' Y ') or 
while (tolower(makeEntry) == 'y'). 



HOW TO Use the while Statement 
Syntax 

while ( condition ) 

either one statement or a statement block to be processed as long as the 
condition is true 
//end while 

Example 1 
int age = 0; 

cout « "Enter age: 
cin » age; 
while (age > 0) 

{ 

cout « "You entered " « age « endl ; 
cout « "Enter age: 
cin » age; 

} //end while 

Example 2 

char makeEntry = ' '; 
double sales = 0.0; 

cout « "Enter a sales amount? (Y/N)"; 
cin » makeEntry; 

while (makeEntry == 'Y' ]| makeEntry == 'y') 

{ 

cout « "Enter the sales: "; 
cin » sales; 

cout « "You entered " « sales « endl; 
cout « "Enter a sales amount? (Y/N)"; 
cin » makeEntry; 

} //end while 

Figure 7-12 How to use the whi 1 e statement 

Figure 7-13 shows the IPO chart information and corresponding C++ 
instructions for the Miller Incorporated program. The first three state¬ 
ments in Figure 7-13 declare and initialize the RATE named constant and 
the sal es and bonus variables. The cout « "First sales amount 
(-1 to stop) : " ; statement prompts the user to enter the first sales 
amount, and the cin » sales; statement stores the user’s response in the 
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sales variable. The looping condition in the whi 1 e (sales != -1) clause 
compares the value stored in the sales variable with the sentinel value. If 
the sales variable does not contain the sentinel value, the looping condition 
evaluates to true and the loop body instructions are processed. Those instruc¬ 
tions calculate and display the bonus, then prompt the user to enter the next 
sales amount, and then store the user’s response in the sales variable. Each 
time the user enters a sales amount, the looping condition in the while 
clause compares the sales amount to the sentinel value. When the user enters 
the sentinel value—in this case, -1—as the sales amount, the looping condi¬ 
tion evaluates to false. As a result, the loop body instructions are skipped over 
and processing continues with the instruction located immediately below the 
end of the loop. Keep in mind that if you forget to enter the update read ( ci n 
» sal es ; ) in the loop body, the computer will process the loop body 
instructions indefinitely. This is because, without the ci n » sales; state¬ 
ment in the loop body, there will be no way to change the value stored in the 
sales variable once the loop body instructions are processed. A loop whose 
instructions are processed indefinitely is referred to as either an endless loop 
or an infinite loop. Usually, you can stop a program that contains an endless 
loop by pressing Ctrl+c (press and hold down the Ctrl key as you tap the let¬ 
ter c, and then release both keys); you also can use the Command Prompt 
window’s Close button. A sample run of the program is shown in Figure 7-14. 
(The program uses the fixed and setpreci si on stream manipulators to dis¬ 
play the bonus amounts in fixed-point notation with two decimal places.) 



You can practice 
stopping an end- 
s less loop by com¬ 
pleting either 
Lab 7-5 or Com¬ 
puter Exercise 17. 


IPO chart information 

Input 

C++ instructions 

bonus. rate (5°fc) 

const double RATE = .05; 

scries 

int sales = 0; 

Processing 


MM 


Output 


bonus 

double bonus = 0.0; 

Algorithm 

l. enter the sales 

cout « "First sales amount 
(-1 to stop): "; 
cin » sales; 

2 . repent while (the scries art 

while (sales != -1) 

not equal to -l) 

{ 

bonus = sales * RATE; 

calculate the bonus by 
nA.u.ltlplyliA.g the scries 
by the boiA,u.s rate 


display the b onus 

cout « "Bonus: $" « bonus; 
cout « endl « endl; 

enter the scries 

cout « "Next sales amount 
(-1 to stop): "; 
cin » sales; 

ecsd repent 

} //end while 


The loop will stop 
when the sales 
= amount is equal 
to -1, because 
"equal to” is the 
opposite of “not equal to.” 


Figure 7-13 IPO chart information and C++ instructions for the Miller Incorporated 
program 
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■■ Vffler Incorpormlfd Ptofnwr _ |Q| X| | 

First sales amount C-l to stop) i ~10000 I] 
Bonus: $500.00 

Next sales amount (-1 to stop): 25000 
Bonus: $1250.00 

Next sales amount (-1 to stop): -1 
Press any key to continue . . . _ 

h\ i 


Figure 7-14 A sample run of the Miller Incorporated program 


The answers to 
Mini-Quiz ques- 
^ tions are located 
in Appendix A. 


2. Write a C++ while clause that stops the loop when the value in the 
quantity variable is less than the number 0. (Hint: Change the loop 
exit condition to a looping condition.) 

3. Write a C++ while clause that processes the loop body instructions 
as long as the value in the i nStock variable is greater than the value 
in the reorder variable. 

4. Write a C++ while clause that processes the loop body instructions 
as long as the value in a char variable named 1 etter is either Y or y. 

5. Which of the following is a good sentinel value for a program that 
inputs the number of hours each employee worked during the week? 

a. -9 

b. 32 

c. 45.5 

d. 7 


Mini-Quiz 7-1 

1. Write a C++ whi 1 e clause that processes the loop body instructions 
as long as the value in the quantity variable is greater than the 
number 0. 


Using Counters and Accumulators 

Some algorithms require you to calculate a subtotal, a total, or an average. 
You make these calculations using a repetition structure that includes a 
counter, an accumulator, or both. A counter is a numeric variable used for 
counting something, such as the number of employees paid in a week. An 
accumulator is a numeric variable used for accumulating (adding together) 
something, such as the total dollar amount of a week’s payroll. Two tasks are 
associated with counters and accumulators: initializing and updating. Initial¬ 
izing means to assign a beginning value to the counter or accumulator. Typi¬ 
cally, counters and accumulators are initialized to the number 0. However, 
they can be initialized to any number, depending on the value required by the 
algorithm. The initialization task is performed before the loop is processed, 
because it needs to be performed only once. Updating, often referred to as 
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The Sales Express Program 

Figure 7-15 shows the problem specification, IPO chart information, and C++ 
instructions for the Sales Express program. (The flowchart for this program is 
contained in the Cpp6\Chap07\Ch7Flowcharts.pdf file.) The program’s input 
is each salesperson’s sales amount; its output is the average sales amount. The 
program uses two processing items: a counter and an accumulator. The counter 
(an i nt variable named numSal es) keeps track of the number of sales amounts 
entered and is initialized to the number 0. The accumulator (a doubl e variable 
named total Sal es) keeps track of the total sales and is initialized to 0.0. 


incrementing, means adding a number to the value stored in the counter 
or accumulator. The number can be either positive or negative, integer or 
non-integer. A counter is always updated by a constant value—typically the 
number 1—whereas an accumulator is updated by a value that varies. The 
assignment statement that updates a counter or an accumulator is placed in 
the body of a loop, because the update task must be performed each time the 
loop body instructions are processed. The Sales Express program, which you 
view next, includes a counter, an accumulator, and a repetition structure. 


Problem specification 


Sales Express wants a program that displays the average amount the company 
sold during the prior year. The sales manager will enter each salesperson’s sales. 

The program will use a counter to keep track of the number of sales amounts 
entered and an accumulator to total the sales amounts. When the sales manager 
has finished entering the sales amounts, the program will calculate the average 
sales amount by dividing the value stored in the accumulator by the value stored in 
the counter. It then will display the average sales amount on the screen. The sales 
manager will indicate that she is finished with the program by entering a negative 
number as the sales amount. If the sales manager does not enter any sales 
amounts, the program should display the “No sales entered” message. 

IPO chart information 

Input 

C++ instructions 

salts. 

double sales = 0.0; 

Processing 


number of salts entered (&ouwter) 

int numSales = 0; 

total sales (accumulator) 

double total Sales = 0.0; 

Output 


average sales 

double average = 0.0; 

Algorithm 

l. ewter the sales 

cout « "First sales amount 
(negative number to stop): "; 
cin » sales; 

2 . repeat while (the sales are 

while (sales >= 0.0) 

at least o) 

{ 

numSales = numSales + 1; 

add l to the i+umber of 
sales entered 


add the sales to the 

total Sales = total Sales + 


Figure 7-15 Problem specification, IPO chart information, and C++ instructions for the 
Sales Express program (continues) 


The loop will stop 
when the sales 
s amount is less 
than 0.0, 
because “less 
than” is the opposite of 
“greater than or equal to.” 
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The eiA-terthe 
sales instruction 

(continued) 



s located above 
the loop is the 
priming read, and 
the one within the loop is 

total soles 

enter the soles 

sales; 

cout « "Next sales amount 
(negative number to stop): 

| 226 

the update read. 

end repeat 

cin » sales; 

} //end while 



3 . If (the number of soles entered Is 
greoter thon o) 

if (numSales > 0) 

{ 

average = total Sales / 
numSales; 



calculate the overoge soles by 
dividing the totol soles by the 
number of soles entered 



display the overoge soles 

cout « "Average: $" « average 
« endl; 

} 

el se 

cout « "No sales entered" 

« endl ; 

//end if 



else 

display "No soles entered" 
message 
end If 


Figure 7-15 Problem specification, IPO chart information, and C++ instructions for the 
Sales Express program 


You can observe the way counters and accumulators are used in a program 
by desk-checking the code shown in Figure 7-15. You will do this using the 
following sales amounts: 30000, 40000, and -3. The average sales amount 
should be $35,000. After declaring and initializing the appropriate variables, 
the code prompts the user to enter the first sales amount and then stores the 
user’s response in the sal es variable. See Figure 7-16. 


soles 

numso les 

totoLsoles 

overoge 

OhO 

0 

0.0 

0.0 

30000.0 





Figure 7-16 Desk-check table after the first sales amount is entered 


Unlike the loop in 
the Miller Incorpo- 
s rated program 
(shown earlier in 
Figure 7-13), the 
loop in the Sales Express 
program has more than 
one sentinel value. 


The while (sales >= 0.0) clause begins a pretest loop that repeats the 
loop body instructions as long as (or while) the sales variable contains a 
value that is greater than or equal to 0.0. Notice that the condition compares 
the variable’s value with 0.0 rather than with 0. This is because the values 
being compared should have the same data type—in this case, doubl e. 

The loop in Figure 7-15 stops when the sal es variable contains a sentinel 
value. For this loop, a sentinel value is any value that is less than 0.0. As 
the desk-check table in Figure 7-16 shows, the current value in the sal es 
variable is greater than or equal to 0.0; therefore, the computer will process 
the instructions in the loop body. The first instruction updates the counter 
variable’s value by adding the number 1 to it. The second instruction updates 
the accumulator variable’s value by adding the current contents of the 
sales variable to it. You also can write the first two instructions in the loop 
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body as numSal es += 1; and total Sales += sal es The desk-check 
table in Figure 7-17 shows the updated values assigned to the counter and 
accumulator variables. 


sales 

iA,u.n/usales 

totaLsales 

average 

ov? 

© 


0.0 

30000.0 

1 

30000.0 




Figure 7-17 Desk-check table showing the first update to the counter and accumulator 
variables 

The last two instructions in the loop body prompt the user to enter the next 
sales amount and then store the user’s response—in this case, 40000—in the 
sales variable. Next, the condition in the whi 1 e (sal es >= 0.0) clause is 
reevaluated to determine whether the loop body instructions should be pro¬ 
cessed again (a true condition) or skipped over (a false condition). Here again, 
the loop’s condition evaluates to true. As a result, the first instruction in the 
loop body updates the numSal es variable’s value by adding the number 1 to 
it. The second instruction updates the total Sal es variable’s value by adding 
the current contents of the sal es variable to it. See Figure 7-18. 


sales 

iA,um.sales 

total-sales 

average 

OhO 

o 

0^0 

0.0 

30000.0 

4= 

30000.0 


4-0000.0 

2 

j-oooo.o 



Figure 7-18 Desk-check table after the second update to the counter and accumulator 
variables 

The last two instructions in the loop body prompt the user to enter the next 
sales amount and then store the user’s response in the sal es variable. In this 
case, the user enters the number -3, which is a sentinel value. Next, the con¬ 
dition in the while (sal es >= 0.0) clause is reevaluated to determine 
whether the loop body instructions should be processed again or skipped over. 
In this case, the loop’s condition evaluates to false, because the sal es variable’s 
value (-3.0) is not greater than or equal to 0.0. When the condition evaluates to 
false, the loop body instructions are skipped over and the loop ends; process¬ 
ing continues with the statement immediately following the loop. In the Sales 
Express program, an i f statement follows the loop. The i f statement’s condi¬ 
tion verifies that the value stored in the counter variable (numSal es) is greater 
than the number 0, which is the variable’s initial value. This verification is 
necessary because the first instruction in the i f statement’s true path uses the 
numSal es variable as the divisor when calculating the average sales amount. 
Before using a variable as the divisor in an expression, you always should verify 
that the variable contains a value other than zero. This is because division by 
zero is not mathematically possible and will cause the program to end abruptly 
with an error. According to the desk-check table in Figure 7-18, the numSal es 
variable contains the number 2. Therefore, the instructions in the i f state¬ 
ment’s true path first calculate the average sales amount (35000) and then dis¬ 
play the amount on the screen before the program ends. Figure 7-19 shows the 
completed desk-check table for the Sales Express program, and Figures 7-20 
and 7-21 show sample runs of the program. (The program uses the fixed and 
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setpreci si on stream manipulators to display the average sales amount in 
fixed-point notation with no decimal places.) 


sales 

lA.ui+usales 

totaLsales 

average 


& 

ene- 

Ord 

30000.0 

£ 

30000.0 

3 5000.0 

^0000.0 

- 3.0 

2 

T-oooo.o 




Figure 7-19 Completed desk-check table for the Sales Express program 


H Sale* Etpm.% Program , ;Q; Xj 

First sales amount (negative number ThPstop)W30000 - 
Next sales amount (negative number to stop): 40000 
Next sales amount (negative number to stop): -3 
Average: $35000 

Press any key to continue . . . _ 

L___i ujd 


Figure 7-20 First sample run of the Sales Express program 



Figure 7-21 Second sample run of the Sales Express program 


The answers to 

Mini-Quiz ques- I TETli-Qlliz 7-2 
^ tions are located 

in Appendix A. l. Which of the following usually is updated by an amount that varies? 

a. accumulators 

b. counters 


2. Write a C++ assignment statement that updates the quantity coun¬ 
ter variable by 2. 

3. Write a C++ assignment statement that updates the total counter 
variable by -3. 

4. Write a C++ assignment statement that updates the total Purchases 
accumulator variable by the value stored in the pu rchases variable. 


Counter-Controlled Pretest Loops 

In both the Miller Incorporated and Sales Express programs, the termina¬ 
tion of the loop is determined by a sentinel value that is entered by the user 
at the keyboard. Other loops are controlled using a counter rather than a 
sentinel value; such loops are referred to as counter-controlled loops. The 

























Counter-Controlled Pretest Loops 


Jasper Music Company program provides an example of a counter-controlled 
loop. The program’s problem specification, IPO chart information, and C++ 
instructions are shown in Figure 7-22. (The program’s flowchart is contained 
in the Cpp6\Chap07\Ch7Flowcharts.pdf file.) The input is the quarterly sales 
for each of the three regions, and the output is the total quarterly sales. The 
program uses one processing item: a counter that will keep track of the num¬ 
ber of times the loop instructions are repeated. In this case, the loop instruc¬ 
tions need to be repeated three times, once for each sales region. Notice in 
the C++ instructions that the num Reg ions counter variable is initialized to 
the number 1, which corresponds to the first sales region. It’s also updated by 
1 each time the loop instructions are processed. 


® The loop will stop 
when the number 
^ of regions is 
equal to 4, 
because “greater 
than or equal to” is the 
opposite of “less than.” 


The whi1e 
clause in Figure 
m 7-22 also could 
be written as 
whi 1 e 

(numRegions <= 3). 


Problem specification 


The sales manager at Jasper Music Company wants a program that allows him 
to enter the quarterly sales amount made in each of three regions: Region 1, 
Region 2, and Region 3. The program should calculate the total quarterly sales 
and then display the result on the screen. The program will use a counter to 
ensure that the sales manager enters exactly three sales amounts. It will use an 
accumulator to total the sales amounts. 

IPO chart information 

C++ instructions 

Input 


reglow's quarterly sales 

int regionSales = 0; 

Processing 


wumber of reglows (ooi+wter: 
l to 3) 

int numRegions = 1; 

Output 


total quarterly sales 
(accumulator) 

int totalSales = 0; 

Algorithm 

1 . repeat while (the wumber of 

while (numRegions < 4) 

reglows Is less thaw 4 ) 

{ 

cout « "Enter region " 

ewterthe reglow's 

quarterly sales 

« numRegions « 

’"s quarterly sales: 
cin » regionSales; 

add the reglow's quarterly 
sales to the total quarterly 
sales 

totalSales += regionSales; 

add l to the i/urmber of 
regions 

numRegions += 1; 

ewd repeat 

} //end while 

2 . display the total 

cout « "Total quarterly sales: $" 

quarterly sales 

« totalSales « end!; 


The initialization 
and update of the 
s counter variable 
in counter-con¬ 
trolled loops are 
comparable to the prim¬ 
ing and update reads in 
loops controlled by a 
sentinel value. 


229 


Figure 7-22 Problem specification, IPO chart information, and C++ instructions for the 
Jasper Music Company program 
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You can observe the way a counter is used to stop a loop by desk-checking 
the code shown in Figure 7-22. You will do this using the following three 
sales amounts: 2500, 6000, and 2000. The first three statements in the code 
create and initialize three variables. Figure 7-23 shows the desk-check table 
after these statements are processed. 



regie tussles 

i/vumi^egloi/vs 

tote* (..sales 

O 

± 

O 


Figure 7-23 Desk-check table after the variable declaration statements are processed 

The while (numRegions < 4) clause begins a pretest loop that repeats its 
instructions as long as (or while) the value in the numRegions counter vari¬ 
able is less than 4; the loop stops when the variable’s value is 4. According to 
the desk-check table in Figure 7-23, the value stored in the numRegions vari¬ 
able is less than 4. As a result, the loop’s condition evaluates to true and the 
statements in the loop body are processed. The first statement prompts the 
user to enter Region l’s quarterly sales. The second statement stores the user’s 
response (in this case, 2500) in the regi onSal es variable. The third state¬ 
ment adds the value stored in the regi onSal es variable to the value stored 
in the total Sal es accumulator variable; the sum of both values is 2500. The 
last statement in the loop body adds the number 1 to the value stored in the 
numRegi ons counter variable; the result is 2. You also can write the last two 
instructions in the loop body as total Sal es = total Sales + region- 
Sal es ; and numRegions = numRegions + 1 ;. Figure 7-24 shows the 
desk-check table after the loop body instructions are processed the first time. 


regfoiA-Sflles 

iA,umR.egLoiA.s 

totfllSflles 

a 

± 

o 

■2500 

2 

2500 


Figure 7-24 Results of processing the loop body instructions the first time 

Next, the condition in the whi 1 e (numRegions < 4) clause is reevalu¬ 
ated to determine whether the loop body instructions should be processed 
again (a true condition) or skipped over (a false condition). According to the 
desk-check table in Figure 7-24, the value stored in the numRegi ons variable 
is less than 4. As a result, the condition evaluates to true and the statements 
in the loop body are processed. The first two statements prompt the user to 
enter Region 2’s quarterly sales and then store the user’s response (in this 
case, 6000) in the regi onSal es variable. The next statement adds the value 
stored in the regi onSal es variable to the value stored in the total Sal es 
accumulator variable; the sum of both values is 8500. The last statement in 
the loop body adds the number 1 to the value stored in the numRegi ons 
counter variable; the result is 3. Figure 7-25 shows the desk-check table after 
the loop body instructions are processed the second time. 


regioi/vSflles 

w,KmR.egLoiA,s 

totfllSflles 
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2500 
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2500 
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2500 


Figure 7-25 Results of processing the loop body instructions the second time 
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Next, the condition in the whi 1 e (numRegions < 4) clause is reevaluated 
to determine whether the loop body instructions should be processed again 
or skipped over. According to the desk-check table in Figure 7-25, the value 
stored in the numRegi ons variable is less than 4. As a result, the condition 
evaluates to true and the statements in the loop body are processed. The first 
two statements prompt the user to enter Region 3’s quarterly sales and then 
store the user’s response (in this case, 2000) in the regi onSal es variable. 
The next statement adds the value stored in the regi onSal es variable to 
the value stored in the total Sal es accumulator variable; the sum of both 
values is 10500. The last statement in the loop body adds the number 1 to the 
value stored in the numRegi ons counter variable; the result is 4. Figure 7-26 
shows the desk-check table after the loop body instructions are processed the 
third (and last) time. 



regloiA-snles 

lA-umRegtoiA-s 

tota Ls ales 

O 

£ 

o 

2500 

2 

2500 

0,000 

3 

8590 

2 OOO 

4 

±0500 


Figure 7-26 Results of processing the loop body instructions the third time 


Next, the condition in the whi 1 e (numRegions < 4) clause is reevaluated 
to determine whether the loop body instructions should be processed again 
or skipped over. At this point, the loop’s condition evaluates to false, because 
the value stored in the numRegi ons variable is not less than 4. When the 
condition evaluates to false, the instructions in the loop body are skipped 
over and the loop ends; processing continues with the statement located 
immediately below the loop. In the code shown earlier in Figure 7-22, the 
statement immediately below the loop displays the contents of the total - 
Sal es variable on the screen. Notice that the termination of the loop is con¬ 
trolled by the loop itself, rather than by the user at the keyboard. Figure 7-27 
shows a sample run of the Jasper Music Company program. 



Figure 7-27 A sample run of the Jasper Music Company program 


The for Statement 

Besides using the while statement, you also can use the for statement to code 
any pretest loop in C++. However, the most common use of the for statement 
is to code pretest loops whose processing is controlled by a counter—in other 
words, to code counter-controlled pretest loops. This is because the for statement 
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The condition 
argument in the 
m for clause is a 
looping condition, 
because it 

specifies the requirement 
for repeating the loop 
instructions. 


The condition in 
Example 1 in 
= Figure 7-28 also 
could be written 
as x <= 3. The 
condition in Example 2 
also could be written as 
x >= 1. 


A common error 
made when 
s typing the for 
clause is to use 
commas rather 
than semicolons. 


provides a more compact way of writing that type of loop. The f o r statements 
syntax is shown in Figure 7-28. The statement begins with the for clause, which 
contains three arguments separated by two semicolons. As the brackets indicate, 
the first and third arguments are optional. In most for clauses, the initializa¬ 
tion argument creates and initializes a counter variable that the computer uses to 
keep track of the number of times the loop body instructions are processed. The 
variable is local to the f o r statement, which means it can be used only within the 
statement’s loop body. The variable will be removed from the computer’s internal 
memory when the loop ends. The condition argument specifies the condition that 
must be true for the loop body instructions to be processed. The condition must 
be a Boolean expression, which is an expression that evaluates to either true or 
false. The expression can contain variables, constants, functions, arithmetic opera¬ 
tors, comparison operators, and logical operators. The loop stops when its condi¬ 
tion evaluates to false. The update argument in the for clause usually contains an 
expression that updates the counter variable specified in the initialization argu¬ 
ment. Following the for clause is the body of the loop. The loop body contains the 
one or more statements that you want the computer to repeat. If the loop body 
contains more than one statement, the statements must be entered as a statement 
block by enclosing them in a set of braces ({}). However, you also can include the 
braces even when the loop body contains only one statement. Although it is not 
required by the C++ syntax, it is helpful to use a comment (such as //end for) 
to document the end of the for statement. The comment will make your program 
easier to read and understand. Also included in Figure 7-28 are examples of using 
the for statement. Example 1 displays the numbers 1,2, and 3 on separate lines on 
the screen, whereas Example 2 displays the numbers 3, 2, and 1. 



HOW TO Use the for Statement 
Syntax 


semicolons 


for ([ initialization ]; condition; [update]) 

either one statement or a statement block to be processed as long as the 
condition is true 
//end for 


Example 1 : displays the numbers 1, 2, and 3 on separate lines on the screen 
for (int x = 1; x < 4; x += 1) 

cout « x « endl ; j _ 

//end for you also can use x = x + 1 


Example 2 : displays the numbers 3, 2, and 1 on separate lines on the screen 
for (int x = 3; x > 0; x = x - 1) 
cout « x « endl ; ! | -■ 

//end for you also can use x -= l 


Figure 7-28 How to use the for statement 


Figure 7-29 describes the way the computer processes the code shown in 
Example 1 in Figure 7-28. Notice that the for statement in the example ends 
when the x variable contains the number 4. 
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Processing steps for Example 1 

1. The initialization argument (int x = l) tells the computer to create a 
variable named x and initialize it to the number 1. 

2. The condition argument (x < 4) tells the computer to check whether the 
x variable’s value is less than 4. It is, so the computer processes the 
statement in the loop body. That statement displays the x variable’s value 
(1) on the screen. 

3. The update argument (x += 1) tells the computer to add the number 1 to 
the contents of the x variable, giving 2. 

4. The condition argument tells the computer to check whether the x variable’s 
value is less than 4. It is, so the computer processes the statement in the 
loop body. That statement displays the x variable’s value (2) on the screen. 

5. The update argument tells the computer to add the number 1 to the 
contents of the x variable, giving 3. 

6. The condition argument tells the computer to check whether the x variable’s 
value is less than 4. It is, so the computer processes the statement in the 
loop body. That statement displays the x variable’s value (3) on the screen. 

7. The update argument tells the computer to add the number 1 to the 
contents of the x variable, giving 4. 

8. The condition argument tells the computer to check whether the x variable’s 
value is less than 4. It’s not, so the computer stops processing the for loop 
and removes its local x variable. Processing continues with the statement 
following the end of the loop. 



Figure 7-29 Processing steps for the code shown in Example 1 in Figure 7-28 

In the remaining sections in this chapter, you will view three programs that 
use the for statement. 


The Holmes Supply Program 

Figure 7-30 shows the problem specification, IPO chart information, and 
C++ instructions for the Holmes Supply Company program. 


Problem specification 

The payroll manager at Holmes Supply Company wants a program that allows 
her to enter the payroll amount for each of three stores: Store 1, Store 2, and 
Store 3. The program should calculate the total payroll and then display the 
result on the screen. The program will use a counter to ensure that the payroll 
manager enters exactly three payroll amounts. It will use an accumulator to 
total the amounts. 

IPO chart information 

Incut 

store's payroll 

C++ instructions 

int storePayroll = 0; 

Processing 

number of stores (counter: 

1 to 3) 

this variable Is created and Initialized 

In the for clause 

Output 

total payroll (accumulator) 

int total Payroll = 0; 


Figure 7-30 Problem specification, IPO chart information, and C++ instructions for the 
Holmes Supply Company program (continues) 
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(continued) 



The loop will stop 
when the value in 
= the numStores 
variable is 
greater than 3, 
because “greater than” is 
the opposite of “less 
than or equal to.” 


Algorithm 

l. repent for (w-wmber of stores 

for (int numStores = 1; 

from, l to 3) 

num Stores <= 3; numStores += 1) 

{ 

cout « "Store " « numStores 

« " payroll: 

cin » storePayroll; 

ew,terthe store's payroll 

add the store's payroll to 

total Payroll += storePayroll; 

the total pay roll 

em-d repeat 

} //end for 

2 . display tine total pay roll 

cout « "Total payroll: $" 

« total Payroll « end!; 


Figure 7-30 Problem specification, IPO chart information, and C++ instructions for the 
Holmes Supply Company program 


The condition 
argument in 
= Figure 7-30 
also could be 
written as 
numStores < 4. 


Desk-checking the code shown in Figure 7-30 will help you understand how 
the for statement works. You will desk-check the code using the following 
three payroll amounts: 15000, 25000, and 60000. First, the code declares and 
initializes two i nt variables named storePayrol 1 and total Payrol 1 . The 
for clause in the for statement is processed next. The clause’s initialization 
argument creates an i nt variable named numStores and initializes the vari¬ 
able to the number 1. The initialization argument is processed only once, at 
the beginning of the loop. Figure 7-31 shows the desk-check table after the 
declaration statements and initialization argument have been processed. 


storePayroll 

totalPay roll 

w, urn-Stores 

0 

0 

1 


Figure 7-31 Results of processing the declaration statements and initialization argument 


The condition 
argument in the 
w for clause is a 
looping condition, 
because it indi¬ 
cates when the loop 
instructions should be 
processed. 


Next, the f o r clause’s condition argument is evaluated to determine 
whether the loop body instructions should be processed (a true condi¬ 
tion) or skipped over (a false condition). Notice that, like the condition in a 
while statement, the condition in a for statement is evaluated before the 
loop body instructions are processed. In this case, the loop body instruc¬ 
tions will be processed only when the value in the numStores variable is 
less than or equal to the number 3. According to the desk-check table in 
Figure 7-31, the numStores variable contains the number 1. Therefore, the 
loop’s condition evaluates to true and the statements in the loop body are 
processed. The first statement prompts the user to enter the amount of Store 
l’s payroll, and the second statement stores the user’s response (in this case, 
15000) in the storePayrol 1 variable. The last statement in the loop body 
adds the value stored in the storePayrol 1 variable to the value stored in 
the total Payrol 1 accumulator variable; the sum of both values is 15000. 
The for clause’s update argument is processed next. The update argument 
adds the number 1 to the value stored in the numStores variable, giving 
2. Figure 7-32 shows the desk-check table after the update argument is 
processed the first time. 
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storePflyroll 

tote* iPfly roll 

i/bumStorfiS 

& 

o 

£ 

±5000 

±5000 
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Figure 7-32 Desk-check table after the update argument is processed the first time 

Next, the for clause’s condition argument is reevaluated to determine 
whether the loop body instructions should be processed again or skipped 
over. Unlike the initialization argument, which is processed only once, 
the condition argument is processed with each repetition (or iteration) 
of the loop. According to the desk-check table in Figure 7-32, the num- 
Stores variable contains the number 2. Therefore, the numStores <= 3 
condition evaluates to true, and the statements in the loop body are pro¬ 
cessed again. The first statement prompts the user to enter Store 2’s payroll, 
and the second statement stores the user’s response (in this case, 25000) in 
the storePayrol 1 variable. The last statement in the loop body adds the 
store’s payroll to the total payroll; the sum of both values is 40000. The f o r 
clause’s update argument is processed next. Like the condition argument, the 
update argument is processed with each repetition of the loop. The update 
argument adds the number 1 to the value stored in the numStores variable, 
giving 3. Figure 7-33 shows the desk-check table after the update argument is 
processed the second time. 



storePflyroll 

totc?lPC?yroll 
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&■ 
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Figure 7-33 Desk-check table after the update argument is processed the second time 

Next, the for clause’s condition argument is reevaluated to determine 
whether the loop body instructions should be processed again or skipped 
over. According to the desk-check table in Figure 7-33, the numStores vari¬ 
able contains the number 3. Therefore, the numStores <= 3 condition 
evaluates to true, and the statements in the loop body are processed again. 
The first statement prompts the user to enter Store 3’s payroll, and the 
second statement stores the user’s response (in this case, 60000) in the 
storePayrol 1 variable. The last statement in the loop body adds the 
store’s payroll to the total payroll; the sum of both values is 100,000. The 
for clause’s update argument is processed next. The update argument 
adds the number 1 to the value stored in the numStores variable, giving 
4. Figure 7-34 shows the desk-check table after the update argument is pro¬ 
cessed the third (and last) time. 
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Figure 7-34 Desk-check table after the update argument is processed the third time 
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Next, the f o r clause’s condition argument is reevaluated to determine 
whether the loop body instructions should be processed again or skipped 
over. At this point, the numStores <= 3 condition evaluates to false, 
because the numStores variable contains the number 4. When the condition 
argument evaluates to false, the instructions in the loop body are skipped over 
and the loop ends. As a result, the computer removes the for statement’s 
local variable, numStores, from internal memory. Processing continues with 
the instruction located immediately below the end of the loop. Notice that the 
loop stops when the numStores variable contains the number 4. Figure 7-35 
shows a sample run of the Holmes Supply program. 


H Holmes Supply Company Program 


-In[x 

Store 

1 payrol1: 

15000 

4 

Store 

2 payrol1: 

2 5000 


Store 

3 payrol1: 

60000 


Total 

payroll: $100000 


Press 

any key to 

continue . . 


<1 

1 


>4 


Figure 7-35 A sample run of the Holmes Supply Company program 


The Colfax Sales Program 

Figure 7-36 shows the problem specification, IPO chart information, and 
C++ instructions for the Colfax Sales program. 


Problem specification 

The sales manager at Colfax Sales wants a program that allows him to enter 
a sales amount. The program should calculate and display the appropriate 
commission using rates of 10%, 15%, 20%, and 25%. The program will use a 
counter to keep track of the four rates. 

IPO chart information 

InDut 

suits, avu.ou.vst 

C++ instructions 

double sales = 0.0; 

Processing 

vtttt (counter: 1 ofo to 2 5fo in 
increvut IA+S of 5fo) 

this variable is created and 
initialized in the for clause 

OutDUt 

commission 

double commission = 0.0; 

Algorithm 

l. tviter the sales amount 

cout « "Enter the sales: "; 
cin » sales; 


Figure 7-36 Problem specification, IPO chart information, and C++ instructions for the 
Colfax Sales program (continues) 
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(continued) 


2. repent for (rate from, l ofo 

for (double rate = .1; 

to 2 5^, Ua, Lrvc.rem.ent of 5*jf) 

rate <= .25; rate = rate + .05) 

{ 

commission = sales * rate; 

calculate the commlsstorv 
by multiply Lrvg the snles 
nm.ou.nt by the rate 

ottsplny the commlssLorv 

cout « rate * 100 « 

"% commission: $" « 
commission « endl ; 

ervot repent 

} //end for 



Figure 7-36 Problem specification, IPO chart information, and C++ instructions for the 
Colfax Sales program 


Figure 7-37 lists the steps the computer follows when processing the code 
shown in Figure 7-36, using a sales amount of $25,000. Notice that the for 
loop ends when the value stored in the rate variable is .3. Figure 7-38 shows 
a sample run of the Colfax Sales program. 


Processing steps 

1. The computer creates the sales and commission variables and initializes 
them to 0.0. 

2. The computer prompts the user to enter a sales amount and then stores the 
user’s response (in this case, 25000) in the sales variable. 

3. The computer processes the for clause’s initialization argument (double 
rate = .1), which creates the rate variable and initializes it to . 1. 

4. The computer processes the for clause's condition argument (rate <= .25), 
which checks whether the rate variable’s value is less than or equal to .25. It is, 
so the computer processes the statements in the loop body. Those statements 
calculate a 10% commission and display the result (2500) on the screen. 

5. The computer processes the for clause’s update argument (rate = rate 
+ .05), which adds the number .05 to the value stored in the rate variable; 
the result is .15. 

6. The computer processes the for clause’s condition argument, which checks 
whether the rate variable’s value is less than or equal to .25. It is, so the 
computer processes the statements in the loop body. Those statements 
calculate a 15% commission and display the result (3750) on the screen. 

7. The computer processes the for clause’s update argument, which adds the 
number .05 to the value stored in the rate variable; the result is .2. 

8. The computer processes the for clause’s condition argument, which checks 
whether the rate variable’s value is less than or equal to .25. It is, so the 
computer processes the statements in the loop body. Those statements 
calculate a 20% commission and display the result (5000) on the screen. 

9. The computer processes the for clause’s update argument, which adds 
the number .05 to the value stored in the rate variable; the result is .25. 

10. The computer processes the for clause’s condition argument, which checks 
whether the rate variable’s value is less than or equal to .25. It is, so the 
computer processes the statements in the loop body. Those statements 
calculate a 25% commission and display the result (6250) on the screen. 

11. The computer processes the for clause’s update argument, which adds 
the number .05 to the value stored in the rate variable; the result is .3. 


Figure 7-37 Processing steps for the code shown in Figure 7-36 (continues) 
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(continued) 



12. The computer processes the for clause’s condition argument, which 
checks whether the rate variable’s value is less than or equal to .25. 

It’s not, so the computer stops processing the for loop and removes its 
local rate variable from internal memory. Processing continues with the 
statement following the end of the loop. 


Figure 7-37 Processing steps for the code shown in Figure 7-36 



Figure 7-38 A sample run of the Colfax Sales program 


vi 


Some 

programmers 
^ use the hexagon 
to represent any 
counter- 

controlled loop, even 
those coded with the 
whi 1 e statement. 


Many programmers use a hexagon, which is a six-sided figure, to represent 
the for clause in a flowchart. The hexagon contains four items, as shown in 
Figure 7-39. The four items are the name of the counter variable (rate), the 
variable’s initial value (.1), the value used to update the variable (.05), and the 
last value for which the condition will evaluate to true (.25). Notice that a less 
than or equal sign (<=) precedes the .25 in the hexagon in Figure 7-39. The 
<= sign indicates that the loop body instructions will be processed as long as 
the rate variable’s value is less than or equal to .25. 



Another Version of the Miller Incorporated Program 

Earlier in the chapter—more specifically, in Figure 7-13—you viewed the 
IPO chart information and C++ instructions for the Miller Incorporated 
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program. As you may remember, the program contains a pretest loop that is 
coded using the while statement. The loop allows the user to calculate and 
display the bonus amount for as many salespeople as needed without hav¬ 
ing to run the program again. Rather than use the while statement to code 
the pretest loop, you can use the for statement, as shown in Figure 7-40. 
The modifications made to the original code shown earlier in Figure 7-13 
are shaded in Figure 7-40. Although the for statement is more commonly 
used to code counter-controlled loops, it can be used to code any pretest 
loop in C++. In this case, the for statement is used to code a pretest loop 
that is controlled by the user at the keyboard instead of by a counter. Notice 
that the for clause in Figure 7-40 contains only the condition argument. 
Although the initialization and update arguments are omitted from the f o r 
clause, the semicolons after the initialization and condition arguments must 
be included. Whether you use the for statement or the while statement to 
code the loop in Figure 7-40 is a matter of personal preference. 



C++ instructions 


const double RATE = .05; 
int sales = 0; 

Processin g 

\aom 


IPO chart information 
Input 

bovius, rate (sfo) 
sales 


Output 

berms 


double bonus = 0.0; 


Algorithm 

l. eiA+er the sales cout « "First sales amount (-1 to stop): " 

cin » sales; 


to -l) 



ealoulatethe boiA.us by i+iultlylyliA-g bonus = sales * RATE; 

the sales by the berms rate 


display the borms 
eiA+erthe sales 
eiA,d repeat 


cout « "Bonus: $" « bonus; 
cout « endl « endl; 

cout « "Next sales amount (-1 to stop): "; 
cin » sales; 

} //end for 


Figure 7-40 IPO chart information and modified C++ instructions for the Miller Incorporated program 


Figure 7-41 lists the steps the computer follows when processing the code 
shown in Figure 7-40, using sales amounts of $10000, $25000, and -1. 


A sample run of 
the Miller Incor¬ 
porated program 
is shown earlier 
in Figure 7-14. 
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The loop in Figure 
740 will stop 
s when the sales 
variable’s value is 
equal to -1, 

because “equal to” is the 
opposite of “not equal to." 


Processing steps 

1. The computer creates the rate named constant and initializes it to .05. 

2. The computer creates the sales and bonus variables and initializes them to 
0 and 0.0, respectively. 

3. The computer prompts the user to enter the first sales amount and then 
stores the user’s response (in this case, 10000) in the sales variable. 

4. The computer processes the for clause’s condition argument (sales ! = 
-l), which checks whether the sal es variable’s value is not equal to -1. 

The condition evaluates to true, so the computer processes the statements 
in the loop body. Those statements calculate and display the bonus (500). 
They also prompt the user to enter the next sales amount and store the 
user’s response (in this case, 25000) in the sales variable. 

5. The computer processes the for clause’s condition argument, which 
checks whether the sales variable’s value is not equal to -1. The condition 
evaluates to true, so the computer processes the statements in the loop 
body. Those statements calculate and display the bonus (1250). They 
also prompt the user to enter the next sales amount and store the user’s 
response (in this case, -1) in the sales variable. 

6. The computer processes the for clause’s condition argument, which 
checks whether the sales variable’s value is not equal to -1. In this case, 
the condition evaluates to false, so the computer stops processing the for 
loop. Processing continues with the statement following the end of the loop. 


Figure 7-41 Processing steps for the code shown in Figure 740 


The answers to 
Mini-Quiz ques- 
^ tions are located 
in Appendix A. 


Mini-Quiz 7-3 

1. A program declares an i nt variable named evenNum and initializes it 
to 2. Write a C++ whi 1 e loop that uses the evenNum variable to dis¬ 
play the even integers between 1 and 9. 


2 . 


Which of the following for clauses processes the loop instructions as 
long as the x variable’s value is less than or equal to the number 100? 

a. for (int x = 10; x <= 100; x = x + 10) 

b. for (int x = 10, x <= 100, x = x + 10) 

c. for (int x == 10; x <= 100; x = x + 10) 

d. for (int x = x + 10; x <= 100; x = 10) 


3. The computer will stop processing the loop associated with the f o r 
clause from Question 2 when the x variable contains the number 


a. 100 

b. Ill 

c. 101 


d. 110 











The for Statement 


4. Write a for clause that processes the loop instructions as long as the 
value stored in the x variable is greater than the number 0. The x vari¬ 
able should be an i nt variable. Initialize the variable to the number 
25 and update it by -5 with each repetition of the loop. 

5. The computer will stop processing the loop associated with the 

f o r clause from Question 4 when the x variable contains the 
number_. 

6. Write a for statement that displays the even integers between 2 and 9 
(inclusive) on the screen. Use num as the name of the counter variable. 



The answers to 
the labs are 
= located in 
Appendix A. 


1 //Lab7-l.cpp - calculates the average temperature 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 //declare variables 

11 int numberOfTemps = 0; //counter 

12 int totalTemp = 0; //accumulator 

13 int temp = 0; 

14 double average = 0.0; 

15 

16 //get first temperature 

17 cout « "First temperature (999 to stop): 

18 cin » temp; 

19 

20 while (temp != 999) 

21 { 

22 //update counter and accumulator 

23 numberOfTemps += 1; 

24 totalTemp += temp; 

25 

26 //get remaining temperatures 

27 cout « "Next temperature (999 to stop): "; 

28 cin » temp; 

29 } //end while 

30 

31 //verify that at least one temperature was entered 

32 if (numberOfTemps > 0) 



1 


AB 7-1 Stop and Analyze 


Study the program shown in Figure 7-42, and then answer 
the questions. The program calculates the average outside 
temperature. 


Figure 7-42 Code for Lab 7-1 (continues) 
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(continued) 


33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 } 


{ 


//calculate and display average temperature 
average = static_cast<double>(totalTemp) / 
static_cast<double>(numberOfTemps); 
cout « fixed « setpreci sion(l) ; 
cout « endl « "Average temperature: " 

« average « endl; 


el se 

cout « "No temperatures were entered." « endl; 
//end if 


system("pause"); - 

return 0; 

//end of main function 


your C++ development tool may 
not require this statement 


Figure 7-42 Code for Lab 7-1 


QUESTIONS 

. What are the program’s input, processing, and output items? 

Why do you think the number 999 was chosen as the sentinel value 
in the while clause on Line 20? Would a negative number be a good 
sentinel value for this program? Why or why not? 

Why is the selection structure on Lines 32 through 43 necessary? 

Are the type casts in the statement on Lines 35 and 36 necessary? 
Why or why not? 

What is the purpose of the statement on Line 37? 

6. Why was the numberOfTemps counter variable initialized to 0 
rather than to 1? 

7. Desk-check the program using the following temperatures and sen¬ 
tinel value: 78, 85, 67, and 999. What is the average temperature? 

8 . Follow the instructions for starting C++ and opening the 
Lab7-l.cpp file. Run the program and then enter the temperatures 
and sentinel value from Question 7. What does the program display 
as the average temperature? (The program’s output should agree 
with the results of your desk-check from Question 7.) 

9. Run the program again. Enter the sentinel value. What does the 
program display? 

10. Change the while statement to a for statement. Save and then 
run the program. Enter the sentinel value. What does the program 
display? 

1 -. Run the program again. Enter the following temperatures and senti¬ 
nel value: -3, 32, -10, 40, and 999. What is the average temperature? 















The for Statement 



In this lab, you will plan and create an algorithm for Professor 
Chang. The problem specification and example calculations are 
shown in Figure 7-43. 


243 


Problem specification 

Professor Chang wants a program that allows him to enter a student’s project 
and test scores. The professor assigns three projects and two tests. Each 
project is worth 50 points, and each test is worth 100 points. The program 
should calculate and display the total points the student earned on the projects 
and tests. It also should display the student’s grade, which is based on the total 
points earned. Shown below is the grading scale that Professor Chang uses 
when assigning grades. 

Total points earned Grade 


315-350 
280-314 
245 - 279 
210-244 
below 210 


A 

B 

C 

D 

F 


Example 1 

Project and test scores: 45, 40, 41, 96, 89 
Total points earned and grade: 311, B 

Example 2 

Project and test scores: 40, 35, 37, 73, 68 
Total points earned and grade: 253, C 


Figure 7-43 Problem specification and calculation examples for Lab 7-2 

First, analyze the problem, looking for the output first and then for the input. 

In this case, Professor Chang wants the program to display the total points a 
student earned and his or her grade. To calculate the total points earned, the 
computer will need to know the student’s project and test scores. The scores 
are the problem’s input items and will be entered by Professor Chang. To deter¬ 
mine the grade, the computer will need to know the professor’s grading scale. 
The grading scale is provided in the problem specification. Next, plan the algo¬ 
rithm. Recall that most algorithms begin with an instruction to enter the input 
items into the computer, followed by instructions that process the input items, 
typically including the items in one or more calculations. Most algorithms end 
with one or more instructions that display, print, or store the output items. 
Figure 7-44 shows the completed IPO chart for the Professor Chang problem. 
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Input Processing Output 

store (5" of them.) Pro&essiwg items: wowe total points earned 

grade 

Algorithm.: 

1. enter the first store 

2 . repeat while (the store is wot -l) 

add the store to the total points earned 
enter the wext store 
ewd repeat 

3. if (tine total points earwed >= 315) 

assign, A as the grade 
else if (the total points earwed >= 220 ) 
assign. B as the grade 
else if (the total points earwed >= 245) 
assign. c as the grade 
else if (the total points earn-ed >= 210 ) 
assign. is as the grade 
else 

assign. F as the grade 
en,d if 

4. display the total points earn-ed an,d the grade 


Figure 7-44 Completed IPO chart for the Professor Chang problem 


After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You will desk- 
check the algorithm in Figure 7-44 two times. For the first desk-check, you 
will use the following five scores and sentinel value: 45, 40, 41, 96, 89, and -1. 
You will use the following five scores and sentinel value for the second desk- 
check: 40, 35, 37, 73, 68, and -1. Figure 7-45 shows the completed desk-check 
table. Notice that the values in the total points earned and grade columns 
agree with the results of the manual calculations shown in Figure 7-43. 



saore 

total points earn-ed 

grade 


— ^ 

45 



44 

25 


first desk- 


44 



check 



222 



@4 

311 



- 1 


B 


— 44 

44 



35 

7 ^ 


second desk- 


3 J- 

±42 


check 



-f Orr 
-LoCa 



42 

253 



- -1 


C 


Figure 7-45 Completed desk-check table for the Professor Chang algorithm 
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The fourth step in the problem-solving process is to code the algorithm into 
a program. You begin by declaring memory locations that will store the val¬ 
ues of the input, processing (if any), and output items. The Professor Chang 
problem will need three memory locations to store the input and output 
items. The input item (score) will be stored in a variable, because the user 
should be allowed to change its value during runtime. The output items (total 
points earned and grade) also will be stored in variables, because their values 
will change based on the current value of the input item. The score and total 
points earned will always be integers, so you will store both in i nt variables. 
You will store the grade in a char variable. Figure 7-46 shows the IPO chart 
information and corresponding C++ instructions. 



IPO chart information 

C++ instructions 


Input 

store (5" of them.) 

int score = 0; 


Processing 

none 

Output 

total points earned 

int total Points = 0; 


grade 

char grade = ' ' ; 


Algorithm 

l. enter the first store 

cout « "First score 
(-1 to stop) : " ; 
cin » score; 


2 . repeat while (the store is wot -l) 

while (score != -1) 

{ 

total Points += score; 


add the store to the total 


poiiA+s earned 

enter the next store 

cout « "Next score 
(-1 to stop): "; 
cin » score; 


end repeat 

} //end while 


3. if (the total points earned > = 315“) 

if (totalPoints >= B15) 


assign A as the grade 

grade = 'A' ; 


else If (the total points earned >= 2 go) 

else if (totalPoints >= 

280) 

assign B as the grade 

grade = ' B ' ; 


else if (the total points earned >= 245) 

else if (totalPoints >= 

245) 

assign c as the grade 

grade = 'C' ; 


else if (the total points earned >= 210 ) 

else if (totalPoints >= 

210) 

assign u as the grade 

grade = 'D'; 


else 

el se 


assign F as the grade 

grade = ' F ' ; 


end if 

//end if 


4. display the total points earned 

cout « "Total points earned: " 

and the grade 

« total Points « endl ; 
cout « "Grade: " 

« grade « endl ; 



Figure 7-46 IPO chart information and C++ instructions for the Professor Chang program 
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The fifth step in the problem-solving process is to desk-check the program. 
You begin by placing the names of the declared variables and named con¬ 
stants (if any) in a new desk-check table, along with their initial values. You 
then desk-check the remaining C++ instructions in order, recording in the 
desk-check table any changes made to the variables. Figure 7-47 shows the 
completed desk-check table for the Professor Chang program. The results 
agree with those shown in the algorithm’s desk-check table in Figure 7-45. 



The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Lab7-2 Project and save it in the Cpp6\Chap07 
folder. Enter the instructions shown in Figure 7-48 in a source file named 
Lab7-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\Chap07 folder. Now follow the appropriate instruc¬ 
tions for running the Lab7-2.cpp file. Use the sample data from Figure 7-47 
to test the program. If necessary, correct any bugs (errors) in the program. 


1 //Lab7-2.cpp - displays the total points earned and grade 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 

6 using namespace std; 

7 

8 int mainO 


Figure 7-48 Professor Chang program (continues) 






















The for Statement 


(continued) 


9 

{ 



10 


//declare variables 


11 


int score = 0; 


12 


int totalPoints = 0; //accumulator 

13 


char grade = ' '; 


14 




15 


//get first score 


16 


cout « "First score (-1 to stop): 

17 


cin » score; 


18 




19 


while (score != -1) 


20 


{ 


21 


//update accumulator, then 

get another score 

22 


totalPoints += score; 


23 


cout « "Next score (-1 to 

stop): 

24 


cin » score; 


25 


} //end while 


26 




27 


//determine grade 


28 


if (totalPoints >= 315) 


29 


grade = 'A'; 


30 


else if (totalPoints >= 280) 


31 


grade = 'B'; 


32 


else if (totalPoints >= 245) 


33 


grade = 'C'; 


34 


else if (totalPoints >= 210) 


35 


grade = 'D'; 


36 


el se 


37 


grade = 'F'; 


38 


//end if 


39 




40 


//display the total points and grade 

41 


cout « "Total points earned: 

" « totalPoints « endl; 

42 


cout « "Grade: " « grade « 

endl; 

43 





44 


systemC'pause"); - 

your C++ development tool may 
not require this statement 


45 


return 0; 



46 

} 

//end of main function 



You also can 
write the state- 
s ment on Line 22 
in Figure 7-48 as 
totalPoints 
= totalPoints + 
score;. 



Figure 7-48 Professor Chang program 


& 


1 


AB 7-3 Modify 


If necessary, create a new project named Lab7-3 Project. Enter (or 
copy) the Lab7-2.cpp instructions into a new source file named 
Lab7-3.cpp. Change Lab7-2.cpp in the first comment to 
Lab7-3.cpp. Professor Chang now wants the program to display the total 
number of scores he enters. Modify the program appropriately, and then save 
and run the program. Test the program using the following five scores and 
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sentinel value: 45, 40, 41, 96, 89, and -1. The total points earned and grade 
should be 311 and B, respectively. In addition, the program should indicate 
that Professor Chang entered 5 scores. Now test the program a second time 
using the following scores and sentinel value: 25, 500 (Professor Chang inad¬ 
vertently enters 500 rather than 50), 38, -500 (Professor Chang corrects his 
mistake by entering a negative number 500), 50, 64, 78, and -1. Does the 
program display the correct total points earned and grade? How many scores 
does the program indicate that Professor Chang entered? 



1 


AB 7-4 Desk-Check 


The code shown in Figure 7-49 should display the squares of the 
numbers from 1 through 5. In other words, it should display the 
numbers 1, 4, 9,16, and 25. Desk-check the code. Did your desk- 
check reveal any errors in the code? If so, correct the code and then desk- 
check it again. 


//declare variables 
int squaredNumber = 0; 

for (int number = 1; number < 5; number = number + 1) 

{ 

squaredNumber = number * number; 
cout « squaredNumber « endl; 

} //end for 


Figure 7-49 Code for Lab 7-4 


If you are using 
Microsoft Visual 
s C++, you also 
can stop an end¬ 
less loop by 
clicking Debug on the 
menu bar in the IDE, and 
then clicking Stop 
Debugging. 



1 


AB 7-5 Debug 


Follow the instructions for starting C++ and opening the 
Lab7-5.cpp file. The file is contained in either the Cpp6\Chap07\ 
Lab7-5 Project folder or the Cpp6\Chap07 folder. Run the pro¬ 
gram. When you are prompted to enter a price, type 15.45 and press Enter. 
The “Next price:” prompt appears over and over again in the Command 
Prompt window, as shown in Figure 7-50. This is a result of the computer 
repeatedly processing the cout « "Next price: statement, which 

is contained in the body of the while loop, and it indicates that the program 
contains an endless (or infinite) loop. You can stop an endless loop by press¬ 
ing Ctrl+c (press and hold down the Ctrl key as you tap the letter c, and then 
release both keys). (If you are using Microsoft Visual C++, you may need to 
click the Continue button after pressing Ctrl+c). Or, you can use the Close 
button on the Command Prompt window’s title bar. Use either method to 
stop the endless loop, and then debug the program. 











Summary 




Figure 7-50 Command Prompt window showing that the program is in an endless loop 


Summary 

• You use the repetition structure, also called a loop, when you need the com¬ 
puter to repeatedly process one or more program instructions while the 
looping condition is true (or until the loop exit condition has been met). 

• A repetition structure can be either a pretest loop or a posttest loop. In a 
pretest loop, the loop condition is evaluated before the instructions within 
the loop are processed. In a posttest loop, the evaluation occurs after the 
instructions within the loop are processed. Of the two types of loops, the 
pretest loop is the most commonly used. 

• The condition appears at the beginning of a pretest loop and determines 
whether the instructions within the loop, referred to as the loop body, 
are processed. The loop’s condition must result in either a true or false 
answer only. When the condition evaluates to true, the instructions listed 
in the loop body are processed; otherwise, the loop body instructions are 
skipped over. 

• Some loops require the user to enter a special value, called a sentinel 
value, to end the loop. You should use a sentinel value that is easily distin¬ 
guishable from the valid data recognized by the program. Other loops are 
terminated through the use of a counter. 

• The input instruction that appears above the pretest loop’s condition is 
referred to as the priming read, because it is used to prime (prepare or set 
up) the loop. The priming read gets only the first value from the user. The 
input instruction that appears within the loop gets the remaining values 
(if any) and is referred to as the update read. 

• In most flowcharts, a diamond is used to represent a repetition structure’s 
condition. The diamond is called the decision symbol. 

• Counters and accumulators are used within a repetition structure to cal¬ 
culate subtotals, totals, and averages. All counters and accumulators must 
be initialized and updated. Counters are updated by a constant value, 
whereas accumulators are updated by an amount that varies. 
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• Many programmers use a hexagon to represent the for clause in a for 
statement. 

• You can use either the while statement or the for statement to code a 
pretest loop in C++. 

Key Terms 

Accumulator —a numeric variable used for accumulating (adding together) 
something 

Counter— a numeric variable used for counting something 

Counter-controlled loops —loops whose processing and termination are con¬ 
trolled by a counter variable 

Endless loop —a loop whose instructions are processed indefinitely; also 
called an infinite loop 

Incrementing —another name for updating 

Infinite loop —another name for an endless loop 

Initializing —the process of assigning a beginning value to a memory location, 
such as a counter or accumulator variable 

Loop —another name for the repetition structure 

Loop body— the instructions within a loop 

Loop exit condition —the requirement that must be met for the computer to 
stop processing the loop body instructions 

Looping condition —the requirement that must be met for the computer to 
continue processing the loop body instructions 

Posttest loop — a loop whose condition is evaluated after the instructions in 
its loop body are processed 

Pretest loop— a loop whose condition is evaluated before the instructions in 
its loop body are processed 

Priming read— the input instruction that appears above a loop; used to get 
the first input item from the user 

Repetition structure —the control structure used to repeatedly process one or 
more program instructions; also called a loop 

Sentinel values —values that are used to end loops; also called trip values or 
trailer values 

Update read— the input instruction that appears within a loop and is 
associated with the priming read 

Updating— the process of adding a number to the value stored in a counter or 
accumulator variable; also called incrementing 








Review Questions 


Review Questions 

Refer to Figure 7-51 to answer Review Questions 1 through 4. 



Figure 7-51 

1. Which of the following control structures are used in flowchart A in 
Figure 7-51? (Select all that apply.) 

a. sequence 

b. selection 

c. repetition 

2. Which of the following control structures are used in flowchart B in 
Figure 7-51? (Select all that apply.) 

a. sequence 

b. selection 

c. repetition 
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3. Which of the following control structures are used in flowchart C in 
Figure 7-51? (Select all that apply.) 

a. sequence 

b. selection 

c. repetition 

4. Which of the following control structures are used in flowchart D in 
Figure 7-51? (Select all that apply.) 

a. sequence 

b. selection 

c. repetition 

5. Which of the following while clauses tells the computer to exit the 
loop when the value in the age variable is less than the number 0? 

a. while (age < 0) 

b. while age >= 0; 

c. while (age !> 0) 

d. while (age >= 0) 

6. Which of the following is a good sentinel value for a program that 
allows the user to enter a person’s age? 

a. -4 

b. 350 

c. 999 

d. all of the above 

7. Values that are used to end loops are referred to as_ 

values. 

a. closing 

b. ending 

c. sentinel 

d. stop 

8. A program allows the user to enter one or more numbers. The first 

input instruction will get the first number only and is referred to as 
the_read. 

a. entering 

b. initializer 

c. initializing 

d. priming 










Review Questions 


9. How many times will the computer process the cout « numTimes 
« endl ; statement in the following code? 

int numTimes = 0; 
while (numTimes > 3) 

{ 

cout « numTimes « endl; 
numTimes = numTimes + 1; 

} //end while 

a. 0 

b. 1 

c. 3 

d. 4 

10. How many times will the computer process the cout « numTimes 
« endl ; statement in the following code? 

for (int numTimes = 1; numTimes < 6; numTimes = numTimes + 1) 
cout « numTimes « endl; 

//end for 

a. 0 

b. 1 

c. 5 

d. 6 

11. What value in the numTi mes variable stops the loop in Review 
Question 10? 

a. 1 

b. 5 

c. 6 

d. 7 

12. How many times will the computer process the cout « numTimes 
« endl ; statement in the following code? 

for (int numTimes = 4; numTimes <= 10; numTimes += 2) 
cout « numTimes « endl; 

//end for 

a. 0 

b. 3 




c. 4 

d. 12 
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13. What value in the numTi mes variable stops the loop in Review 
Question 12? 

a. 4 

b. 6 

c. 10 

d. 12 

14. Which of the following updates the total accumulator variable by 
the value in the sales variable? 

a. total = total + sales; 

b. total = sales + total; 

c. total += sales 

d. all of the above 

15. Which of the following statements can be used to code a loop whose 
instructions you want processed 10 times? 

a. for 

b. repeat 

c. while 

d. either a or c 


Exercises 


TRY THIS 



Pencil and Paper 


1. Complete a desk-check table for the code shown in Figure 7-52. What 
will the code display on the computer screen? What temp variable 
value stops the loop? (The answers to TRY THIS Exercises are located 
at the end of the chapter.) 


int temp = 0; 
while (temp < 5) 

{ 

cout « temp « endl; 
temp = temp + 1; 

} //end while 


Figure 7-52 


TRY THIS 2. Complete a desk-check table for the code shown in Figure 7-53. What 

will the code display on the computer screen? What num variable 
value stops the loop? (The answers to TRY THIS Exercises are located 
at the end of the chapter.) 









Exercises 


for (int num = 0; num <= 5; num += 2) 

{ 

cout « "Number: 
cout « num « end!; 

} //end for 

Figure 7-53 255 


3. Rewrite the code shown in Figure 7-52 to use the for statement. 

MODIFY THIS 

4. Rewrite the code shown in Figure 7-53 to use the while statement. 

MODIFY THIS 

5. Complete a desk-check table for the code shown in Figure 7-54. What 
will the code display on the computer screen? What total Empl oyee 
variable value stops the loop? 

INTRODUCTORY 

int total Employee = 0; 
while (totalEmployee <= 5) 

{ 

cout « total Employee « end!; 
total Employee = totalEmployee + 2; 

} //end while 


Figure 7-54 


6. Write an assignment statement that updates a counter variable named 

numStudents by 1. 

INTRODUCTORY 

7. Write an assignment statement that updates an accumulator variable 
named total Pay by the value in the gross Pay variable. 

INTRODUCTORY 

8. Write a C++ while clause that processes the loop instructions as 
long as the value in the quantity variable is greater than the number 
100. 

INTRODUCTORY 

9. Write a C++ for clause that processes the loop instructions 10 times. 
Use numTi mes as the counter variable’s name. 

INTRODUCTORY 

10. Figure 7-28 in the chapter showed two examples of the for 

statement. List the processing steps for the code shown in Example 2. 
(Use Figure 7-29 as a guide.) 

INTRODUCTORY 

11. Write a C++ whi 1 e clause that stops the loop when the value in the 
i nStock variable is less than or equal to the value in the reorder 
variable. 

INTERMEDIATE 

12. Write an assignment statement that updates a counter variable named 
quanti ty by -5. 

INTERMEDIATE 
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INTERMEDIATE 

13. 

Write an assignment statement that subtracts the contents of the 
sal esReturns variable from the sal es accumulator variable. 

ADVANCED 

14. 

Write two versions of the code to display the numbers 10 through 1 
on the computer screen. In the first version, use the for statement. In 
the second version, use the while statement. 

SWAT THE BUGS 

15. 

The code shown in Figure 7-55 should display the numbers 1, 2, 3, 
and 4 on the computer screen. However, the code is not working 
correctly. Correct the errors in the code. 


int num = 1; 
while (num < 5) 

cout « num « endl; 
//end while 


Figure 7-55 


SWAT THE BUGS 16. The code shown in Figure 7-56 should display each salesperson’s 

commission. The commission is calculated by multiplying the sales¬ 
person’s sales by 10%. The code is not working correctly. Correct the 
errors in the code. 


double sales = 0.0; 

double commission = 0.0; 

cout « "Enter a sales amount: "; 

cin » sales; 

while (sales > 0.0) 

{ 

commission = sales * .1; 

cout « commission « endl; 

} //end while 


Figure 7-56 



Computer 


TRY THIS 

If you are using 
Microsoft Visual 
^ C++, you also 

can stop an end¬ 
less loop by 
clicking Debug on the 
menu bar in the IDE, and 
then clicking Stop 
Debugging. 


17. In this exercise, you learn two ways to stop a program that is in an 
endless (infinite) loop. 

a. Follow the instructions for starting C++ and opening the 
TryThisl7.cpp file. The file is contained in either the Cpp6\ 
Chap07\TryThisl7 Project folder or the Cpp6\Chap07 folder. 

b. Run the program. You can tell that the program is in an end¬ 
less loop because it displays the number 0 over and over again in 
the Command Prompt window. In most cases, you can stop an 
endless loop by pressing Ctrl+c (press and hold down the Ctrl key 
as you tap the letter c, and then release both keys). Use the Ctrl+c 
key combination to stop the program. If you are using Microsoft 












Exercises 


Visual C++, you may need to click the Continue button. If neces¬ 
sary, close the Command Prompt window. 

c. Run the program again. You also can use the Command Prompt 
window’s Close button to stop an endless loop. Click the Com¬ 
mand Prompt window’s Close button. 


18. Follow the instructions for starting C++ and opening the TRY THIS 

TryThisl8.cpp file. The file is contained in either the 
Cpp6\Chap07\TryThisl8 Project folder or the Cpp6\Chap07 folder. 

Complete the program by entering a whi 1 e clause that processes the 
loop instructions when the user enters a number that is at least 0. 

Save and then run the program. Test the program using the following 
numbers: 4,10, 0, and -3. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 

19. Follow the instructions for starting C++ and opening the TRY THIS 

TryThisl9.cpp file. The file is contained in either the 
Cpp6\Chap07\TryThisl9 Project folder or the Cpp6\Chap07 folder. 

Complete the program by entering a whi 1 e clause that stops the loop 
when the user enters the letter N in either uppercase or lowercase. 

Save and then run the program. Test the program using the follow¬ 
ing characters: a, 4, $, and n. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 

20. Follow the instructions for starting C++ and opening the MODIFY THIS 

ModifyThis20.cpp file. The file is contained in either the 
Cpp6\Chap07\ModifyThis20 Project folder or the Cpp6\Chap07 folder. 

Change the while statement to a for statement. Save and then run 
the program. The word “Hello” should appear on the screen 10 times. 


21. In this exercise, you modify the program from Lab7-2. MODIFY THIS 

a. If necessary, create a new project named ModifyThis21 Project. 

Enter (or copy) the Lab7-2.cpp instructions into a new source 
file named ModifyThis21.cpp. Change Lab7-2.cpp in the first 
comment to ModifyThis21.cpp. 

b. If Professor Chang enters a score that is greater than 100 points, 
the program should ask him whether the score is correct. The 
program should not add a score that is more than 100 points to 
the accumulator without the professor’s permission. Modify the 
program appropriately. 

c. Save and then run the program. Enter 35, 45, and 50 as the first 
three scores, and then enter 105. When you are asked whether 
the 105 score is correct, respond that it is not correct. Now enter 
100, 90, and -1. The program should display 320 as the total points 
earned and A as the grade. 

d. Run the program again. Enter 27, 15, and 30 as the first three 
scores, and then enter 105. When you are asked whether the 105 
score is correct, respond that it is correct. Now enter 70 and -1. 

The program should display 247 as the total points earned and C 
as the grade. 
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INTRODUCTORY 22. Follow the instructions for starting C++ and opening the 

Introductory22.cpp file. The file is contained in either the 
Cpp6\Chap07\Introductory22 Project folder or the Cpp6\Chap07 
folder. Complete the program by entering a whi 1 e clause that pro¬ 
cesses the loop instructions as long as the user enters the letter Y in 
either uppercase or lowercase. Save and then run the program. Test 
the program using the following three sets of data: y and 100, Y and 
200, and n. The total sales amount should be $300. Run the program 
again. When you are asked whether you want to enter a sales amount, 
type N and press Enter. Notice that you were not asked to enter the 
sales amount. Explain why. 

INTRODUCTORY 23. Figure 7-57 shows the flowchart for an algorithm that displays the 

numbers 20, 40, 60, 80, 100, 120, 140, 160, and 180 on the screen. 
Code the algorithm into a program; use the while statement. 

The counter variable should be an i nt variable named number. 

Then enter your C++ instructions into a source file named 
Introductory23.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. Save and then run the program. 



INTRODUCTORY 24. Figure 7-58 shows the flowchart for an algorithm that displays the 

numbers 10, 30, 50, 70, and 90 on the screen. Code the algorithm into 
a program; use the for statement. The counter variable should be an 
i nt variable named number. Then enter your C++ instructions into 
a source file named lntroductory24.cpp. Also enter appropriate com¬ 
ments and any additional instructions required by the compiler. Save 
and then run the program. 
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25. In this exercise, you create a program that displays the numbers INTRODUCTORY 

0 through 117, in increments of 9. Write two versions of the 

appropriate code: one using the for statement and the other using 
the while statement. Enter the C++ instructions into a source file 
named Introductory25.cpp. Also enter appropriate comments and 
any additional instructions required by the compiler. Save and then 
run the program. The numbers 0, 9, 18 and so on should appear twice 
on the screen. 

26. The problem specification, IPO chart information, and C++ INTERMEDIATE 

instructions for the Jasper Music Company program are shown 

in Figure 7-22 in the chapter. 

a. Enter the C++ instructions into a source file named 
Intermediate26.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

b. Save and then run the program. Test the program using the 
following sales amounts: 2500, 6000, and 2000. 

c. Modify the program so it uses the for statement rather than the 
while statement. 

d. Save and then run the program. Test the program using the 
following sales amounts: 2500, 6000, and 2000. 

27. The problem specification, IPO chart information, and C++ instruc- INTERMEDIATE 

tions for the Holmes Supply Company program are shown in Figure 
7-30 in the chapter. 

a. Enter the C++ instructions into a source file named 
Intermediate27.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

b. Save and then run the program. Test the program using the fol¬ 
lowing payroll amounts: 15000, 25000, and 60000. 

c. Modify the program so it uses the while statement rather than 
the for statement. 

d. Save and then run the program. Test the program using the fol¬ 
lowing payroll amounts: 15000, 25000, and 60000. 
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INTERMEDIATE 28. The problem specification, IPO chart information, and C++ instruc¬ 

tions for the Colfax Sales program are shown in Figure 7-36 in the 
chapter. 

a. Enter the C++ instructions into a source file named 
Intermediate28.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

b. Save and then run the program. Test the program using the num¬ 
ber 25000 as the sales amount. 

c. Modify the program so it uses the while statement rather than 
the for statement. 

d. Save and then run the program. Test the program using the num¬ 
ber 25000 as the sales amount. 

INTERMEDIATE 29. Effective January 1 st of each year, Gabriela receives a 5% raise on 

her previous year’s salary. She wants a program that calculates and 
displays the amount of her annual raises for the next three years. The 
program also should calculate and display her total salary for the 
three years. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm using an annual salary of $10,000. (The raise amounts 
are $500.00, $525.00, and $551.25. The total salary is $33,101.25.) 

b. List the input, processing, and output items, as well as the 
algorithm, in a chart similar to the one shown earlier in Figure 
7-13. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Intermediate29.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

ADVANCED 30. In this exercise, you create a program that displays the sum of the 

even integers between and including two numbers entered by the 
user. In other words, if the user enters an even number, that num¬ 
ber should be included in the sum. For example, if the user enters 
the integers 2 and 7, the sum is 12 (2 + 4 + 6). If the user enters the 
integers 2 and 8, the sum is 20 (2 + 4 + 6 + 8). Display an error mes¬ 
sage if the first integer entered by the user is greater than the second 
integer. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm three times. For the first desk-check, use the integers 1 
and 5. For the second desk-check, use the integers 12 and 21. For 
the third desk-check, use the integers 50 and 3. 

b. List the input, processing, and output items, as well as the 
algorithm, in a chart similar to the one shown earlier in 
Figure 7-13. Then code the algorithm into a program. 
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c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Advanced30.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

31. The sales manager at Premium Paper wants a program that allows her ADVANCED 
to enter the company’s income and expense amounts, which always 

will be integers. The number of income and expense amounts may 
vary each time the program is run. For example, the sales manager 
may need to enter five income amounts and three expense amounts. 

Or, she may need to enter 20 income amounts and 30 expense 
amounts. The program should calculate and display the company’s 
total income, total expenses, and profit (or loss). 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm three times. For the first desk-check, use the following 
income amounts: 5000, 7500, and 3350. Also use the following 
expense amounts: 125 and 999. For the second desk-check, use 
the following income amounts: 2450, 6700, 9000, and 5600. Also 
use the following expense amount: 4000. For the third desk-check, 
use an income amount of 8000 and an expense amount of 10000. 

b. List the input, processing, and output items, as well as the 
algorithm, in a chart similar to the one shown earlier in 
Figure 7-13. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Advanced31.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

32. In this exercise, you create a program for the sales manager at ADVANCED 

Computer Haven, a small business that offers motivational seminars 
to local companies. Figure 7-59 shows the charge for attending a 
seminar. Notice that the charge per person depends on the num¬ 
ber of people the company registers. For example, the cost for four 
registrants is $400; the cost for two registrants is $300. The program 
should allow the sales manager to enter the number of registrants for 
as many companies as needed. When the sales manager has finished 
entering the data, the program should calculate and display the total 
number of people registered, the total charge for those registrants, 
and the average charge per registrant. For example, if one company 
registers four people and another company registers two people, the 
total number of people registered is six, the total charge is $700, and 
the average charge per registrant is $116.67. 
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Number of people a company registers 

Charge per person ($) 

1-3 

150 

4-9 

100 

10 or more 

90 



Figure 7-59 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm appropriately. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 7-13. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. Enter your C++ instructions into a source file named 
Advanced32.cpp. Also enter appropriate comments and any addi¬ 
tional instructions required by the compiler. Display the average 
charge in fixed-point notation with two decimal places. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

ADVANCED 33. In this exercise, you create a program that displays the first 10 Fibo¬ 

nacci numbers (1,1, 2, 3, 5, 8,13, 21, 34, and 55). Notice that, begin¬ 
ning with the third number in the series, each Fibonacci number is the 
sum of the prior two numbers. In other words, 2 is the sum of 1 plus 
1, 3 is the sum of 1 plus 2, 5 is the sum of 2 plus 3, and so on. Write 
two versions of the code: one using the while statement and the other 
using the for statement. Enter the C++ instructions into a source file 
named Advanced33.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Save and then run the 
program. The Fibonacci numbers should appear twice on the screen. 

SWAT THE BUGS 34. Follow the instructions for starting C++ and opening the Swat- 

TheBugs34.cpp file. The file is contained in either the 
Cpp6\Chap07\SwatTheBugs34 Project folder or the 
Cpp6\Chap07 folder. Debug the program. 
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Answers to TRY THIS Exercises 



Pencil and Paper 


1. See Figure 7-60. The code will display the numbers 0, 1, 2, 3, and 4 on 
separate lines on the computer screen. The loop stops when the temp 
variable’s value is 5. 




Figure 7-60 

2. See Figure 7-61. The code will display Number: 0, Number: 2, and 
Number: 4 on separate lines on the computer screen. The loop stops 
when the num variable’s value is 6. 



18. To complete the program, enter the following while clause: while 
(number >= 0). 

19. To complete the program, enter the following while clause: while 
(toupper(more) != 'N'). 
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Structure 


After studying Chapter 8, you should be able to: 

® Include a posttest loop in pseudocode 

<§> Include a posttest loop in a flowchart 

® Code a posttest loop using the C++ do whi 1 e statement 

<§> Nest repetition structures 

<§> Raise a number to a power using the pow function 






Posttest Loops 


Posttest Loops 

Recall that a repetition structure can be either a pretest loop or a posttest loop. 
The difference between both types of loops pertains to when the loop’s condi¬ 
tion is evaluated. Unlike a pretest loop’s condition, which is evaluated before 
the instructions within the loop are processed, a posttest loop’s condition is 
evaluated after the instructions within the loop are processed. As a result, the 
instructions in a posttest loop will always be processed at least once, whereas 
the instructions in a pretest loop may never be processed. You learned about 
pretest loops in Chapter 7. You will learn about posttest loops in this chapter. 
Although pretest loops are the most commonly used, it is essential to under¬ 
stand the way posttest loops work. You may encounter a situation where a 
posttest loop is the better choice. Or, you may encounter a posttest loop in 
another programmer’s code that you are either modifying or debugging. 

The problem specification and algorithms shown in Figure 8-1 will help clar¬ 
ify the difference between pretest and posttest loops. Algorithm 1 contains 
a pretest loop, and Algorithm 2 contains a posttest loop. The purpose of the 
loop in each algorithm is to position Robin directly in front of her bedroom 
door. Compare the first and last lines in the pretest loop with the first and 
last lines in the posttest loop. More specifically, notice the location of the 
loop’s condition. In the pretest loop, the condition appears in the first line, 
which indicates that Robin should evaluate it before she follows the instruc¬ 
tions in the loop. In the posttest loop, the condition appears in the last line, 
indicating that Robin should evaluate it only after following the instructions 
in the loop. The pretest loop in Algorithm 1 will work when Robin is zero or 
more steps away from her bedroom door. The posttest loop in Algorithm 2, 
however, will work only when Robin is at least one step away from the door. 


Pretest and 
posttest loops 
^ also are called 
top-driven and 
bottom-driven 
loops, respectively. 



Robin is standing in her hallway facing her bedroom door. The door, which may 
or may not be closed, is an unknown number of steps away from her. Robin 
wants to go inside her bedroom. 


Algorithm 1 - pretest loop 


condition 


1. repent while (you. are not directly in front of the bedroom, door) - 

wnlte forward - 

end repent - 

2. If (the bedroom, door Is closed) 

opemthe bedroom, door 
end If 

3 . wnlte forwnrd 

Algorithm 2 - posttest loop 

1. repent - 

wnlte forwnrd 

end repent while (you nre not directly in front of the bedroom, door) - 

1 -|- 1 

2. If (the bedroom, door Is closed) -L- 

,, , , , condition 

opervthe bedroom, door - 

end If 

3 . wnlte forwnrd 


works when Robin is 
zero or more steps 
away from the door 


works only when Robin 
is at least one step 
away from the door 


Figure 8-1 Problem specification and algorithms containing pretest and posttest loops 


























CHAPTER 8 


More on the Repetition Structure 



To understand why the loops in Figure 8-1 are not interchangeable, you 
will desk-check them twice. For the first desk-check, Robin is one step away 
from her bedroom door. In the pretest loop, the loop’s condition checks 
Robin’s current location. Robin is not directly in front of the door, so she is 
told to walk forward and then the loop’s condition is evaluated again. Robin 
is now positioned correctly in front of her bedroom door, so the loop ends 
and Robin continues to the second instruction in the algorithm. The post¬ 
test loop, on the other hand, instructs Robin to walk forward, which places 
her directly in front of her bedroom door. The loop’s condition is evaluated 
next. The condition checks whether Robin is positioned correctly; she is, 
so the loop ends and Robin continues to the second instruction in the algo¬ 
rithm. Notice that when Robin is one step away from the door, the pretest 
and posttest loops produce the same result: both place her right in front of 
the door. For the second desk-check, Robin is standing directly in front of her 
bedroom door. The condition in the pretest loop checks Robin’s current loca¬ 
tion. Robin is already positioned correctly, so the watte forward instruction is 
bypassed and the loop ends. The posttest loop, on the other hand, instructs 
Robin to watte forward before the loop’s condition is evaluated. But if Robin 
walks forward, she will bump into the door. Obviously, the posttest loop in 
Algorithm 2 does not work correctly when Robin starts out directly in front 
of her bedroom door. You can fix this problem by adding a selection struc¬ 
ture to the algorithm. The modified algorithm is shown in Figure 8-2. 



Figure 8-2 Selection structure added to Algorithm 2 from Figure 8-1 

The posttest loop in Figure 8-2 is identical to the posttest loop in Figure 8-1, 
except it is processed only when the selection structure’s condition evaluates 
to true, which is when Robin is not directly in front of her bedroom door. To 
understand how the selection and repetition structures in Figure 8-2 work, 
you will desk-check that portion of the algorithm twice. For the first desk- 
check, Robin is one step away from her bedroom door. The algorithm in 
Figure 8-2 begins with a single-alternative selection structure whose condi¬ 
tion checks Robin’s initial location. The condition evaluates to true because 
Robin is not directly in front of her bedroom door. Therefore, the instruc¬ 
tions in the selection structure’s true path are processed. The first instruction 
in the true path (repeat) marks the beginning of a posttest loop. Next, the 
instruction in the loop body directs Robin to watte forward. The loop’s condi¬ 
tion is evaluated next. At this point, Robin is positioned correctly; so the loop 
ends and so does the selection structure. Robin now continues to the second 
instruction in the algorithm. For the second desk-check, Robin is directly 
in front of her bedroom door. Here again, the condition in the selection 


















Flowcharting a Posttest Loop 


structure checks Robin’s initial location. In this case, Robin is already in front 
of her bedroom door, so the selection structure’s condition evaluates to false. 
As a result, the selection structure ends without processing the posttest loop 
contained in its true path. Robin simply continues to the second instruction 
in the algorithm. Although the modified algorithm works correctly, most 
programmers prefer to use a pretest loop, rather than a posttest loop with 
a selection structure, because it is easier to write and understand. Posttest 
loops should be used only when their instructions must be processed at least 
once. You often will find a posttest loop in programs that allow the user to 
select from a menu, such as a game program. This type of program uses the 
posttest loop to control the display of the menu, which must appear on the 
screen at least once. 



Flowcharting a Posttest Loop 

For many people, it’s easier to understand the difference between a pretest loop 
and a posttest loop by viewing both loops in flowchart form. Figure 8-3 shows 
the problem specification for the Miller Incorporated program from Chapter 7. 
It also shows two correct algorithms in flowchart form. Algorithm 1, which 
you viewed in Figure 7-6 in Chapter 7, uses a pretest loop to get the sales 
amounts from the user; Algorithm 2 uses a posttest loop. Notice that the deci¬ 
sion diamond, which contains the loop’s condition, appears at the top of a 
pretest loop; however, it appears at the bottom of a posttest loop. 


Problem specification 

In January of each year, Miller Incorporated pays a 5% bonus to each of its 
salespeople. The bonus is based on the amount of sales made by the salesperson 
during the previous year. The payroll clerk wants a program that calculates and 
displays the bonus amounts for as many salespeople as needed without having to 
run the program more than once. Because the sales amounts entered by the 
payroll clerk will always be positive numbers, the payroll clerk will indicate that 
he is finished with the program by entering a sales amount of -1 (a negative 
number 1). 

Input Processing Output 

boiA,u.s rate (sfo) Processing it ems: none bonus 

sales 

Algorithm.l (pretest loop): 

^ start ^ 


/ sales / 

priming read 



sales not \T bonus = sales / display the / / enter the 

Y^equal to -1 * bonus rate ~y bonus / / sales / 

( stop ^ 

update read 


Figure 8-3 Miller Incorporated problem specification along with two algorithms shown 
in flowchart form ( continues) 
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( continued ) 


Algorithm, 2 (posttest loop): 


268 


Recall that the 
oval, rectangle, 
= parallelogram, 
and diamond in a 
flowchart are 
called the start/stop, 
processing, input/output, 
and decision symbols. 



Figure 8-3 Miller Incorporated problem specification along with two algorithms shown 
in flowchart form 


You can observe how a posttest loop operates in a program by desk-checking 
Algorithm 2 in Figure 8-3. You will desk-check it using sales amounts of 
10000 and 25000, followed by the sentinel value (-1). The first input/output 
symbol in the flowchart represents the priming read. In this case, the prim¬ 
ing read gets the first sales amount (10000) from the user. The instruction in 
the processing symbol is handled next and is the first instruction in the loop 
body. The instruction calculates the bonus by multiplying the sales amount 
by the bonus rate. Notice that the first sales amount is not compared to the 
sentinel value in a posttest loop. Figure 8-4 shows the first sales and bonus 
amounts recorded in the desk-check table. 


boiA-us rate 

sales 

b DW.US 

.05 

1 0000 

500 


Figure 8-4 First sales and bonus amounts recorded in the desk-check table 

The first input/output symbol in the loop body contains the instruction 
to display the bonus on the screen. In this case, the number 10000 will be 
displayed. The second input/output symbol in the loop body gets the next 
salesperson’s sales (25000) from the user and represents the update read. 
Figure 8-5 shows the second sales amount recorded in the desk-check table. 






































Flowcharting a Posttest Loop 


bowus rate 

sales 

b DWU.S 

.05 

lOOOO 

500 


2 5000 



Figure 8-5 Second sales amount recorded in the desk-check table 

The next symbol in the flowchart is the decision diamond. The diamond 
contains the posttest loop’s condition, which always marks the end of a 
posttest loop. The condition, which is phrased as a looping condition, com¬ 
pares the current sales amount with the sentinel value to determine whether 
the loop should be processed again (a true condition) or end (a false condi¬ 
tion). Notice that this is the first time the loop’s condition is evaluated. In this 
case, the condition evaluates to true because 25000 is not equal to -1. When 
the condition evaluates to true, the computer processes the instructions in the 
loop body. Those instructions calculate and display the bonus for the second 
salesperson and then get another sales amount (in this case, the sentinel value) 
from the user. Figure 8-8 shows the current status of the desk-check table. 



bcuius rate 

sales 

bowas 

.05 

10000 

500 


2 5000 

12.50 


~± 

- sentinel value 


Figure 8-6 Current status of the desk-check table 

Next, the loop’s condition is reevaluated to determine whether the loop 
should be processed again (a true condition) or end (a false condition). In 
this case, the condition evaluates to false because the current sales amount 
is equal to the sentinel value. When the condition evaluates to false, the loop 
ends and processing continues with the instruction immediately following 
the loop. In Algorithm 2’s flowchart in Figure 8-3, the loop is followed by the 
stop oval, which marks the end of the flowchart. 


... . _ | ~~ The answers to 

Mini-Quiz 8-1 Mini-Quiz ques- 

= tions are located 

1. If the user enters the numbers 5, 8, 9, and -1, how many times will the in Appendix A. 

condition in the following algorithm be evaluated? 

1. ewter wumber 

2. repeat while (wumber Is greater thaw or equal to o ) 

display wumber 
ewter wumber 
ewot repeat 

2. If the user enters the number -4, how many times will the condition 
in Question l’s algorithm be evaluated? 
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3. If the user enters the numbers 5, 8, 9, and -1, how many times will the 
condition in the following algorithm be evaluated? 

1. eiA,ter number 

2. repent 

display number 
eivter number 

ervd repeat while (wumber is greater thaw or equal to o) 

4. If the user enters the numbers 0 and -4, how many times will the 
condition in Question 3’s algorithm be evaluated? 


t Recall that a 

looping condition 
s specifies the 
requirement for 
processing the 
loop body instructions. 


The do while Statement 

C++ provides the do while statement for coding a posttest loop. The 
statement’s syntax is shown in Figure 8-7. As the boldfaced text in the syntax 
indicates, essential components of the statement include the do and while 
keywords, the parentheses that surround the condition, the braces, and the 
semicolon. The italicized items indicate where the programmer must supply 
information. In this case, the programmer must supply the loop’s condition, 
which must be phrased as a looping condition. As in the while statement, 
the condition in the do while statement must evaluate to either true or 
false. The condition can contain variables, constants, functions, arithmetic 
operators, comparison operators, and logical operators. Besides provid¬ 
ing the condition, the programmer also must provide the statements to be 
processed when the condition evaluates to true. Although not a require¬ 
ment, some programmers use a comment (such as //begi n 1 oop) to mark 
the beginning of the do while statement, because it makes the program 
easier to read and understand. Also included in Figure 8-7 are examples of 
using the do while statement. The while clause in Example 1 tells the 
computer to repeat the loop body instructions as long as (or while) the 
value in the age variable is greater than zero. The loop will stop when the 
second number entered by the user is either the number 0 or a negative 
number. The while clause in Example 2 indicates that the loop body instruc¬ 
tions should be repeated as long as the value in the makeEntry variable is 
either the uppercase letter Y or the lowercase letter y. In this case, the loop 
will stop when the user’s second entry is anything other than the letter Y 
entered in either uppercase or lowercase. You also could write the last line 
intheloopas} while (toupper(makeEntry) == 'Y');or} while 
(tolower(makeEntry) == 'y');. 









The do while Statement 



HOWTO Use the do while Statement 
Syntax 

do //begin loop 

{ 


one or more statements to be processed one time, and thereafter 
as long as the condition is true 
while ( condition ); - 


the statement ends 
with a semicolon 


Example 1 
int age = 0; 


cout « "Enter an age greater than 0: " 

cin » age; - 

do //begin loop 
{ 


priming read 


cout « "You entered " « age « end! « end!; 



Example 2 

char makeEntry = ' ' 
double sales = 0.0; 


The braces in a 
do while 
s statement are 
not required 
when the loop 
body contains only one 
statement. However, a 
one-statement loop body 
is rare. 



cout « "Enter a sales amount? (Y/N) 

cin » makeEntry; _ 

do //begin loop 

{ 


ii . 


priming read 


} 


cout « "Enter the sales: "; 
cin » sales; 

cout « "You entered " « sales « endl 
cout « "Enter a sales amount? (Y/N) "; 

cin » makeEntry; - 

while (makeEntry == 'Y' || makeEntry == 



update read 

« endl; 


V); 

semicolon 


Figure 8-7 How to use the do whi 1 e statement 


Earlier, in Figure 8-3, you viewed the problem specification and IPO chart 
for the Miller Incorporated program. The figure showed two algorithms 
in flowchart form. Algorithm 1 used a pretest loop to solve the problem, 
whereas Algorithm 2 used a posttest loop. Figure 8-8 shows the pseudocode 
and C++ instructions corresponding to Algorithm 2. The first three state¬ 
ments in the figure declare and initialize the RATE named constant and 
the sal es and bonus variables. Next, the cout statement prompts the 
user to enter the first sales amount, and the cin statement stores the user’s 
response in the sales variable. The do clause appears next in the code and 
marks the beginning of a posttest loop. The first three instructions in the 
loop body calculate the bonus amount and then display the result, followed 
by two blank lines, on the computer screen. The last two instructions in the 
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loop body prompt the user to enter the next sales amount and then store 
the user’s response in the sales variable. Notice that the loop body instruc¬ 
tions are processed before the condition in the while clause is evaluated. 
After the loop body instructions are processed, the condition in the while 
clause compares the value stored in the sales variable with the sentinel 
value. If the sales variable does not contain the sentinel value, the condi¬ 
tion evaluates to true and the loop body instructions are processed again. 
Those instructions calculate the bonus, then display the bonus and two blank 
lines, then prompt the user to enter the next sales amount, and then store 
the user’s response in the sales variable. From now on, each time the user 
enters a sales amount, the condition in the while clause compares the sales 
amount with the sentinel value. When the user enters the sentinel value—in 
this case, -1—as the sales amount, the loop body instructions are not pro¬ 
cessed again. Instead, the loop is exited and processing continues with the 
instruction located immediately below the loop. A sample run of the Miller 
Incorporated program is shown in Figure 8-9. (The program uses the fixed 
and setpreci si on stream manipulators to display the bonus amounts in 
fixed-point notation with two decimal places.) 


The while 
clause in 
^ Figure 8-8 
contains a 
looping condition. 


IPO chart information 
Input 

bonus, rate (sf) 
stiles 

Processing 

none 

Output 

bonus 

Algorithm 

l. ewter the sales 


priming read 


2. repeat 

calculate the bonus by ru.ultiplyliA,g 
the sales by the bowus rate 

dlsylaw the bowus 


enter the sales 

update read _ 

end. repeat while (the sales are 
wot equal to -l) 


C++ instructions 

const double RATE= .05; 
int sales = 0; 


doubl e bonus = 0.0; 


cout « "First sales amount 
(-1 to stop): "; 
cin » sales; 

do //begin loop 

{ 

bonus=sales * RATE; 


cout « "Bonus: $"« bonus; 
cout « end! « endl; 

cout « "Next sales amount 
(-1 to stop): "; 

- cin » sales; 

} while (sales != -1); 


Figure 8-8 IPO chart information and C++ instructions for the Miller Incorporated program 























Nested Repetition Structures 




Figure 8-9 A sample run of the Miller Incorporated program 


The answers to 

Mini-Qlliz 8-2 Mini-Quiz ques- 

s tions are located 

1. The do whi 1 e clause marks the beginning of the C++ do while in Appendix A. 

statement. 

a. True 

b. False 

2. The whi 1 e clause in the C++ do whi 1 e statement ends with 

a_. 

a. brace 

b. colon 

c. comma 

d. semicolon 

3. Write a C++ while clause that processes a posttest loop’s 
instructions as long as the value in the i nStock variable is greater 
than the value in the reorder variable. 

4. Write a C++ while clause that processes a posttest loop’s 
instructions as long as the value in a char variable named letter 
is either Y or y. Use the built-in toupper function. 


Nested Repetition Structures 

Like selection structures, repetition structures can be nested. In other words, 
you can place one loop (called the nested or inner loop) within another 
loop (called the outer loop). Both loops can be pretest loops, or both can be 
posttest loops. Or, one can be a pretest loop and the other a posttest loop. 

A programmer determines whether a problem’s solution requires a nested 
loop by studying the problem specification. Figure 8-10 shows a problem 
specification and algorithm from Chapter 7. The algorithm requires a loop 
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because the instructions for signing a book need to be repeated for every 
customer. However, the algorithm does not require a nested loop. This is 
because all of the instructions within the loop should be followed only once 
per customer. 



Robin is sitting at a table in a bookstore, attending her book signing. Customers 
are standing in line waiting for Robin to sign their copy of her bestselling book 
on Robotics. Robin needs to sign each customer’s book. 

repeat while (there are customers In line) 

accept the booh, from the customer - 

plate the booh or. the table 
opew the front cover of the booh 
sign your name ow the first page 
close the booh 

return the booh to the cu.storu.er 

thank the cu.stom.er - 

end repeat 


follow these 
instructions for 
each customer 


Figure 8-10 Problem specification and algorithm for signing one book for each customer 


Now consider the possibility that a customer may have more than one book 
for Robin to sign. It’s also possible that a customer, not knowing about the 
book signing in advance, has left his book at home and is standing in line for 
the sole purpose of meeting Robin. What changes will need to be made to the 
algorithm in Figure 8-10? Instead of being repeated once for each customer 
in line, the first six instructions in the loop body—the instructions that begin 
with accept the book from, the aus.tom.er and end with return, the book to the 
cu.stom.er —now must be repeated for an unknown number of books for each 
of an unknown number of customers. Therefore, in addition to requiring the 
current loop, which determines whether there is a customer in line, the mod¬ 
ified algorithm will require a nested loop to determine whether the customer 
has any books that need signing. Robin will thank the customer only after all 
of the customer’s books have been signed, so the last instruction in the loop 
(the thank the customer instruction) needs to be repeated only once for each 
customer. It does not need to be repeated for each book. Therefore, it should 
be included in the outer loop, but not in the nested loop. Figure 8-11 shows 
the modified problem specification and algorithm. The outer loop begins 
with repeat while (there are customers In Leave) , and it ends with the last end 
repeat. The nested loop begins with repeat while (the customer has a book 
that needs signing) , and it ends with the first end repeat. The outer loop’s 
instructions will be followed for each customer in line; the outer loop ends 
when there are no more customers. The nested loop’s instructions will be 
followed for each book the current customer wants signed. The nested loop 
ends when the customer has no more books to sign. Notice that the entire 
nested loop is contained within the outer loop. This must be true for the loop 
to be nested and work correctly. 

















The Asterisks Program 




Figure 8-11 Modified problem specification and algorithm for signing zero or more 
books for each customer 


A clock uses nested repetition structures to keep track of the time. For 
simplicity, consider a clock’s minute and second hands only. The second hand 
on a clock moves one position, clockwise, for every second that has elapsed. 
After the second hand moves 60 positions, the minute hand moves one posi¬ 
tion, also clockwise. The second hand then begins its journey around the 
clock again. Figure 8-12 shows the logic used by a clock’s minute and second 
hands. As the figure indicates, an outer loop controls the minute hand, while 
an inner (nested) loop controls the second hand. Here again, notice that the 
entire nested loop is contained within the outer loop. Recall that this is a 
requirement for the loop to be nested and work correctly. 


1. start rn.lwu.tes at o 

2 . re pent while (mlwutes are less thnw £>o) 

start secowds at o 

repeat while (seeowds are less thaw e>o) 

m.ove secowd hnwd l posltlow, eloetewtse 
add l to seoowds 
ewd repeat 

v\adv& mXwwte hnwd l posltlow, olootewtse 
add l to wuwutes 
ewd repeat 


The next iteration 
of the outer loop 
= (which controls 
the minute hand) 
occurs only after 
the nested loop (which 
controls the second 
hand) has finished 
processing. 


Figure 8-12 Logic used by a clock's minute and second hands 


The Asterisks Program 

Figure 8-13 shows the problem specification, IPO chart information, and 
C++ instructions for a program that displays an asterisk on three separate 
lines on the computer screen. The algorithm, which is shown in both 
pseudocode and a flowchart, does not require a nested loop. This is because 
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all of the instructions within the loop need to be repeated the same number 
of times: three. Figure 8-14 shows the completed desk-check table, and 
Figure 8-15 shows a sample run of the program. 




Figure 8-13 Problem specification, IPO chart information, and C++ instructions for the 
asterisks program 


11m 

i 

s 

s 
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Figure 8-14 Completed desk-check table for the asterisks program 



























The Asterisks Program 



Figure 8-15 Sample run of the asterisks program 

Figure 8-16 shows a modified version of the previous problem specification, 
along with the corresponding IPO chart information and C++ instructions. 
In the modified version, the program needs to display five asterisks on each 
of three separate lines on the computer screen. The modified algorithm will 
use two loops to accomplish this task: an outer pretest loop to keep track of 
the number of lines and a nested pretest loop to keep track of the number of 
asterisks. The changes made to the IPO chart information and C++ instruc¬ 
tions are shaded in Figure 8-16. In the code, the outer loop begins with the 
first for clause, which directs the computer to repeat the loop body instruc¬ 
tions three times. The outer loop ends with the } //end for line. Braces 
are required in the outer loop because its loop body contains more than 
one statement. The nested loop begins with the second for clause, which 
directs the computer to repeat the cout « ' *' ; statement five times. The 
nested loop ends with the //end for comment. Braces are not needed in 
the nested loop because its loop body contains only one statement. Here 
again, notice that the entire nested loop is contained within the outer loop. 
Although both loops in Figure 8-16 are coded using the for statement, one 
or both could be coded using the while statement. In addition, the algo¬ 
rithm could have been written using one or more posttest loops. Recall that 
you use the do while statement to code a posttest loop in C++. 


Problem specification 

Create a program that displays five asterisks on each of three separate lines on 

the computer screen, like this: 

***** 

***** 

***** 

IPO chart information 

Input 

none 

C++ instructions 

Processing 

iA.wm.ber of ltiA.es (counter: l to 3 ) 

this variable Is created and 

Initialized In the for clause 

number of asterisks (counter: 1 to 5“) 

this variable Is created and 

Initialized In the for clause 

Output 

asterisk (5 on each of 3 lines) 



Figure 8-16 Problem specification, IPO chart information, and C++ instructions for 
the modified asterisks program ( continues ) 
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( continued ) 


Algorithm 

repeat while (number of 
llwes is less that*- 4) 

repeat whole (wu.rn.ber 
of asterisks Is less thaw 6) 

display aw asterisk, 
ewd repeat 

posltlow the cursor ow the wewt llwe 
ewd repeat 


for (int 1i ne = 1; 
line < 4; line += 1) 

{ 

for (int numAsterisks= 1; 

numAsterisks < 6; 
numAsterisks += 1) 
cout « '*'; 

//end for 
cout « endl; 

} //end for 



Figure 8-16 Problem specification, IPO chart information, and C++ instructions for 
the modified asterisks program 


Recall from 
Chapter 7 that 
= the for clause’s 
condition 
argument must 
be phrased as a 
looping condition, 
which means it must 
specify the requirement 
for processing the loop 
body instructions. 


You can observe the way the computer processes a nested loop by desk¬ 
checking the code shown in Figure 8-16. First, the initialization argument 
in the outer loop’s for clause (i nt line = 1) tells the computer to create 
the 1 i ne variable and initialize it to 1. The condition argument (1 i ne < 4) 
then directs the computer to check whether the line variable’s value is less 
than the number 4. It is, so the instructions in the body of the outer loop are 
processed. The first instruction is the nested loop’s for clause. The clause’s 
initialization argument (i nt numAsteri sks = 1) tells the computer to 
create the numAsteri sks variable and initialize it to the number 1. Its con¬ 
dition argument (numAsteri sks < 6) then directs the computer to check 
whether the value in the numAsteri sks variable is less than 6. It is, so the 
cout « ' *' ; statement in the body of the nested loop is processed. That 
statement displays an asterisk on the current line on the computer screen. 
Figure 8-17 shows the desk-check table and output after the nested loop’s 
cout statement is processed the first time. 
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I'iM 

^umAsterlstes 

1 

1 

Output 


* 



Figure 8-17 Desk-check table and output after the nested loop’s cout statement is 
processed the first time 

Next, the update argument in the nested loop’s for clause (numAsteri sks 
+= 1) tells the computer to add the number 1 to the value stored in the 
numAsteri sks variable; the result is 2. Once again, the condition argument 
in the nested loop’s for clause directs the computer to check whether the 
variable’s value is less than 6. It is, so the nested loop’s cout « ' *' ; state¬ 
ment displays another asterisk on the current line on the computer screen. 
Figure 8-18 shows the desk-check table and output after the cout statement 
is processed the second time. 



Hm 

i/vwmAsteiasles 

1 



a 

Output 

** 



Figure 8-18 Desk-check table and output after the nested loop’s cout statement is 
processed the second time 

The computer again adds the number 1 to the value stored in the 
numAsteri sks variable, giving 3. It then checks whether the variable’s value 
is less than 6. It is, so the nested loop’s cout « ' *'; statement displays another 
asterisk on the current line on the computer screen. Figure 8-19 shows the 
desk-check table and output after the cout statement is processed the third time. 


liM iA,umAsterLstes 

1 i 

a 

3 

Output 


Figure 8-19 Desk-check table and output after the nested loop’s cout statement is 
processed the third time 

The value stored in the numAsteri sks variable is updated again; this time, 
the result is 4. The computer then checks whether the variable’s value is less 
than 6. It is, so the cout « ' *' ; statement in the nested loop displays 
another asterisk on the current line on the computer screen. Figure 8-20 
shows the desk-check table and output after the cout statement is processed 
the fourth time. 
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11 m 

i/vumAsten-stes 

l 

£ 


a 


s 


4 

OutDUt 

* * * * 



Figure 8-20 Desk-check table and output after the nested loop’s cout statement is 
processed the fourth time 


Here again, the computer adds the number 1 to the value stored in the 
numAsteri sks variable, giving 5. The computer then checks whether the 
variable’s value is less than 6. It is, so the nested loop’s cout « ' *' ; state¬ 
ment displays another asterisk on the current line on the computer screen. 
Figure 8-21 shows the desk-check table and output after the cout statement 
is processed the fifth time. 


lliA-e i/vumAsteidstes 

l i 

a 

s 

+ 

5 

Output 


Figure 8-21 Desk-check table and output after the nested loop’s cout statement is 
processed the fifth time 


Recall from 
Chapter 7 that 
H the variable 
created in the 
for clause is 
local to the for 
statement and is 
removed from memory 
when the for loop ends. 


The value stored in the numAsteri sks variable is updated once again; this 
time, the result is 6. The computer then checks whether the variable’s value 
is less than 6. It’s not, so the nested loop ends and the numAsteri sks vari¬ 
able is removed from the computer’s internal memory. Processing continues 
with the first statement following the end of the nested loop. In this case, 
the cout « endl ; statement positions the cursor on the next line on the 
computer screen. The cout « endl ; statement is the last statement in the 
body of the outer loop. Therefore, after processing the statement, the com¬ 
puter returns to the outer loop’s for clause to process its update and condi- 
tion arguments. The update argument (1 i ne += 1) tells the computer to 
add the number 1 to the value stored in the line variable; the result is 2. The 
condition argument (1 i ne < 4) directs the computer to check whether the 
variable’s value is less than 4. It is, so the instructions in the body of the outer 
loop are processed again. The first instruction is the nested loop’s for clause, 
whose initialization and condition arguments tell the computer to create the 
numAsteri sks variable and initialize it to the number 1, and then check 
whether its value is less than 6. At this point, the variable’s value is less than 
6, so the cout « ' *' ; statement in the nested loop is processed. That 
statement displays an asterisk on the second line on the computer screen. 
Figure 8-22 shows the current status of the desk-check table and output. 
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ILm iA,umAsteristes 

2 a 

s 
+ 
a 

1 

Output 

***** 

* 



Figure 8-22 Current status of the desk-check table and output 

Next, the computer updates the value in the numAsteri sks variable by add¬ 
ing the number 1 to it; the result is 2. The computer then checks whether the 
variable’s value is less than 6. It is, so the nested loop’s cout « ' *'; state¬ 
ment displays another asterisk on the current line on the computer screen. The 
computer again adds the number 1 to the value stored in the numAsteri sks 
variable, giving 3. It then checks whether the variable’s value is less than 6. It is, 
so the cout « ' *' ; statement displays the third asterisk on the current line 
on the computer screen. Once again, the computer adds the number 1 to the 
value stored in the numAsteri sks variable and then checks whether the value 
still is less than 6. At this point, the variable contains the number 4, so the cout 
« ' *' ; statement displays the fourth asterisk on the current line on the com¬ 
puter screen. The computer again adds the number 1 to the value stored in the 
numAsteri sks variable and then checks whether the value (which is now 5) is 
less than 6. It is, so the cout « ' *' ; statement displays the fifth asterisk on 
the current line on the computer screen. Once again, the computer updates the 
value stored in the numAsteri sks variable by adding the number 1 to it; the 
result is 6. The computer then checks whether the variable’s value is less than 
6. It’s not, so the nested loop ends and the numAsteri sks variable is removed 
from the computer’s internal memory. Figure 8-23 shows the desk-check table 
and output after the nested loop ends the second time. 


Notice that the 
nested loop is 
completely pro¬ 
cessed prior to 
the next iteration 
of the outer loop. 
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Figure 8-23 Desk-check table and output after the nested loop ends the second time 









CHAPTER 8 


More on the Repetition Structure 



Processing continues with the first statement located below the nested 
loop—in this case, the cout « endl ; statement. That statement positions 
the cursor on the next line on the computer screen. After processing the 
statement, the computer returns to the outer loop’s f o r clause to process its 
update and condition arguments. The update argument (1 i ne += 1) tells the 
computer to add the number 1 to the value stored in the line variable; the 
result is 3. The condition argument (line < 4) directs the computer to check 
whether the variable’s value is less than 4. It is, so the instructions in the body 
of the outer loop are processed again. The first instruction is the nested loop’s 
for clause, whose initialization and condition arguments tell the computer to 
create the numAsteri sks variable and initialize it to the number 1, and then 
check whether its value is less than 6. At this point, the variable’s value is less 
than 6, so the cout « ' *' ; statement in the nested loop is processed. That 
statement displays the first asterisk on the third line on the computer screen. 
The computer will continue processing the nested loop until the value stored 
in the numAsteri sks variable is the number 6. Figure 8-24 shows the desk- 
check table and output after the nested loop ends the third time. 


ItiA-e iA.umAsten.stes. 

i i 

a a 

3 3 

+ 

5 

6 
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6 
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***** 
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Figure 8-24 Desk-check table and output after the nested loop ends the third time 

Processing continues with the cout « endl ; statement, which follows 
the nested loop and is the last statement in the body of the outer loop. The 
statement positions the cursor on the next line on the computer screen. After 
processing the statement, the computer returns to the outer loop’s for clause 
to process its update and condition arguments. The update argument (1 i ne 
+= 1) tells the computer to add the number 1 to the value stored in the line 
variable; the result is 4. The condition argument (line < 4) directs the com¬ 
puter to check whether the variable’s value is less than 4. It’s not, so the outer 
loop ends and the line variable is removed from the computer’s internal 
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memory. Processing will continue with the first statement located below 
the end of the outer loop. Figure 8-25 shows a sample run of the modified 
asterisks program. 



Figure 8-25 Sample run of the modified asterisks program 

The Savings Calculator Program 

Figure 8-26 shows the problem specification for the savings calculator pro¬ 
gram, which calculates the value of a one-time deposit into a savings account 
that earns a specific amount of interest for a certain amount of time. The 
figure also includes sample calculations. The formula in Example 1 calculates 
the savings account balance at the end of the first year. It does this by adding 
the number 1 to the interest rate of .03 and then raising the sum (1.03) to the 
first power. Recall that the result of raising a number to a power of 1 is the 
number itself; in this case, the result is 1.03. The formula in Example 1 then 
multiplies the number 1.03 by the number 1000, giving 1030. The formula in 
Example 2 calculates the account balance at the end of the third year. Here 
again, the formula begins by adding the number 1 to the interest rate of .03. 
However, this time it raises the sum (1.03) to the third power. Raising a num¬ 
ber to a power of 3 means multiplying it by itself three times; in this case, 
the expression 1.03 * 1.03 * 1.03 yields 1.092727. The formula then multiplies 
the number 1.092727 by the number 1000, giving 1092.73 when rounded to 
two decimal places. Figure 8-26 also contains the program’s IPO chart and a 
desk-check table. Notice that the algorithm uses a counter to keep track of 
the years, which are from 1 to 5. It also uses a posttest loop to calculate and 
display the account balance at the end of each year. (The flowchart for this 
program is contained in the Ch8Flowcharts.pdf file, which is located in the 
Cpp6\Chap08 folder.) 



You also can use 
a pretest loop to 
calculate and 
display the sav¬ 
ings account 
balance. 


Problem specification 

For your 21 st birthday, your grandmother opens a savings account for you and 
deposits $1000 into the account. The savings account pays a 3% interest on the 
account balance. If you don’t deposit any more money into the account, and you 
don’t withdraw any money from the account, how much will your savings account 
be worth at the end of 1 through 5 years? Create a program that gives you the 
answers. You can calculate the answers using the following formula: b = p * 

(1 + r) n . In the formula, p is the principal (the amount of the deposit), r is the annual 
interest rate, n is the number of years, and b is the balance in the savings account 
at the end of the nth year. 


Figure 8-26 Problem specification, sample calculations, IPO chart, and desk-check table for 
the savings calculator program ( continues) 
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( continued) 


Example 1 
b= 1000 * (1 
b = $1030 


+ .03) 1 


Example 2 

b= 1000 * (1 + ,03) 3 

b = $1092.73 (rounded to two decimal places) 


Input 

prlwotpal (tOOO) 
aiA.iA.nal Interest rate ( 3 $) 
wumber of years (eoK.iA.ter: l to 5“) 


Processing 

Processing Items: none 


Output 

account bslaiA.ee 
(at end of each of 
the 5 years) 


Algorithm: 

repeat 

calculate the account 
balaiA.ee = principal 

* (l + annual Interest rate)^^ ^ 

display the current number 
of years and account balaiA.ee 

add l to the number of years 
end repeat whole (number of years 
Is less than 6) 


woo 


.03 


years 

account baLawee 

£ 

1030 

a 

1060 +) 


1052.73 (rounded to two decimal plaoes) 

■+ 

±±' 05 .51 (rounded to two decimal plaoes) 

Q? 

1155.37- (rounded to two decimal plaoes) 


Figure 8-26 Problem specification, sample calculations, IPO chart, and desk-check 
table for the savings calculator program 


Before coding the algorithm shown in Figure 8-26, you will learn about the 
built-in C++ pow function. The function provides a convenient way to code a 
formula that raises a number to a power. 


The pow Function 

Some mathematical expressions require a number to be raised to a power. 
Raising a number to a power is referred to as exponentiation. An example of 
exponentiation is found in the nr 2 expression, where r is the radius of a circle. 
The expression calculates the circle’s area by raising its radius to the second 
power and then multiplying the result by pi. C++ provides the built-in pow 
function for performing exponentiation. The pow function raises a number 
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to a power and then returns the result as a doubl e number. Figure 8-27 
shows the function’s syntax, which contains two arguments: x and y. The x 
argument represents the number you want raised to power y. At least one of 
the two arguments must be a doubl e number. To use the pow function in a 
program, the program must contain the #i ncl ude <cmath> directive. Also 
included in Figure 8-27 are examples of C++ statements that contain the 
pow function. For clarity, the variable declaration statements are included in 
the examples. The cube = pow(4.0, 3) ; statement in Example 1 raises 
the doubl e number 4.0 to the third power. In other words, it multiplies the 
doubl e number 4.0 by itself three times (4.0 * 4.0 * 4.0). The statement then 
assigns the result, which is the doubl e number 64.0, to the cube variable. 
The cout « pow(100, . 5) ; statement in Example 2 raises the number 
100 to the .5 power and is equivalent to finding the square root of the num¬ 
ber. The statement displays the number 10 on the screen. The area = 3.14 
* powfradi us , 2.0); statement in Example 3 raises the number con¬ 
tained in the radi us variable (5.0) to the second power. It then multiplies 
the result by 3.14 and assigns the product (78.5) to the area variable. Now 
that you know how to use the pow function, you can code the savings calcu¬ 
lator program. 



HOW TO Use the pow Function 
Syntax 

POW(x, y) 


requires the #i ncl ude <cmath> directive 


Example 1 

double cube = 0.0; 
cube = pow(4.0, 3); 

The assignment statement assigns the number 64.0, which is 4.0 raised to 
the third power, to the cube variable. 


Example 2 

cout « powflOO, .5); 

The statement displays the number 10, which is 100 raised to the .5 power. 
The powflOO, . 5) expression is equivalent to finding the square root of the 
number 100. 


Example 3 

double area = 0.0; 

double radius = 5.0; 

area =3.14 * powfradi us, 2.0); 

The assignment statement raises the value stored in the radi us variable to 
the second power; in other words, it squares the value. The result is 25.0. 
The assignment statement then multiplies the 25.0 by 3.14 and assigns the 
product (78.5) to the area variable. 



Raising a number 
to the second 
power is the 
same as squar¬ 
ing the number. 


In Chapter 9, you 
will learn about 
s the sqrt 

function, whose 
purpose is to 
find the square root 
of a number. 




called 


As you learned in 
Chapter 5, an 
item within the 
parentheses fol¬ 
lowing a func¬ 
tion’s name is 
an argument. 


You would need 
to use an 
= assignment 
statement to 
save the result of 
the pow function 
in Example 2. 


Figure 8-27 How to use the pow function 
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Coding the Savings Calculator Program 

Figure 8-28 contains the information from the IPO chart shown earlier in 
Figure 8-26. It also contains the corresponding C++ instructions. The pow 
function is shaded in the figure. 



IPO chart information 

C++ instructions 


Input 

principal (± 000 ) 

int principal = 1000; 


annual Interest rate (3^) 

double rate = . OB ; 


number of years (counter: 1 to 5 “) 

int years = 1; 


Processing 

none 

Output 

account balance (at end 

doubl e bal ance = 0.0; 


of each of the 5 years) 

Algorithm 

repeat 

do //begin loop 

{ 

balance = principal 


calculate the account 

* 

balance = principal 

pow(l + rate, years); 

* (1 + annual Interest rate )°f b 

Mrs> 


display the current number 

cout « "Year " « 

years 

of years and account balance 

« « endl ; 


cout « " $" « 

balance 

add lto the number of years 

« endl ; 
years += 1; 


end repeat while (\A,wAAbtr of years 

} while (years < 6); 


is less than £>) 


Figure 8-28 IPO chart information and C++ instructions for the savings calculator program 


Figure 8-29 shows the complete savings calculator program, and Figure 8-30 
shows a sample run of the program. Notice that the account balances in 
Figure 8-30 agree with the amounts in the desk-check table shown earlier in 
Figure 8-26. 















Modifying the Savings Calculator Program 


1 //Savings Calculator.cpp - displays the balance 

2 //in a savings account at the end of 1 through 5 years 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <iomanip> 

7 #include <cmath> 

8 using namespace std; 

9 


10 

int main() 


11 

{ 


12 

int principal 

1000; 

13 

double rate 

.03; 

14 

int years 

1; //counter 

15 

16 

double balance = 

0.0; 

17 

//display output 

with two decimal places 

18 

19 

cout « fixed « 

setprecision(2); 


20 do 

21 { 

22 

23 

24 

25 

26 

27 } 

28 

29 sy 

30 re 

31 } //end of main function 


//begin loop 


balance=principal * pow(l + rate, years); 

cout « "Year " « years « « endl; 

cout « " $" « balance « endl; 

//update years counter 

years += 1; 

whi 1 e (years < 6); 


stem("pause") ; 
turn 0; 


your C++ development tool may 
not require this statement 



Figure 8-29 Savings calculator program 



Figure 8-30 Sample run of the savings calculator program 


Modifying the Savings Calculator Program 

Currently, the savings calculator program calculates each account balance 
using an annual interest rate of 3%. In this section, you’ll modify the program 
to use annual interest rates of 3%, 4%, and 5%. Figure 8-31 shows the modi¬ 
fied IPO chart information and C++ instructions. The modifications made to 
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the original information and instructions, shown earlier in Figure 8-28, are 
shaded in Figure 8-31. Notice that the algorithm and C++ instructions now 
contain two loops: an outer posttest loop to keep track of the years, and a 
nested pretest loop to keep track of the rates. (The flowchart for the modified 
program is contained in the Ch8Flowcharts.pdf file, which is located in the 
Cpp6\Chap08 folder.) 


IPO chart information 

InDut 

principal (i ooo) 

C++ instructions 

int principal = 1000; 

aiwwflL interest rate (counter: 

3 fo to 5 fo) 

Ihis variable is created and 
initialized in the nested for clause! 

number of years (counter, l to s) 

int years = 1; 

Processing 

none 


Output 

account balance (at end 
of ea&b of the 5 years) 

double balance = 0.0; 

Algorithm 

repeat 

do //begin loop 

{ 

display the cumiAt 
io.um.ber of years 

cout « "Year " « years « 

« endl; 

Repeat for (annual Interest 

for (double rate =.03; 

Fate from. 3 °(o to 5 °fe) 

rate < .06; rate += .01) 

calculate the account 
baLanoe = principal 
* (l + annual Interest 
rate) D f y ecirs 

1 

balance = principal * 
pow(l + rate, years); 

display the current rate 

cout « fixed « 

With no decimal places 

setprecision(0) ; 
cout « "Rate " « rate 
* 100 « "%: $"; 

display the current account! 

cout « setprecisi on(2) « 

balance with two decimal places 

balance « endl; 

end repeat 

add l to the \ma.\aa}ciy of years 
end repeat while (years less than &) 

} //end for 
years += 1; 

} whi1e (years < 6) ; 


Figure 8-31 Modified IPO chart information and C++ instructions 


Figure 8-32 shows the modified savings calculator program. The nested 
loop is shaded in the figure. Figure 8-33 shows a sample run of the modified 
program. 



















































Modifying the Savings Calculator Program 


1 

//Modified Savings Calculator.cpp - displays the balance 

2 

//in a savings account at the end of 1 through 5 years 

3 

//using 

interest rates of 3%, 4%, and 5% 

4 

q 

//Created/revised by <your name> on <current date> 

6 

#include 

<iostream> 

7 

#include 

<iomanip> 

8 

#include 

<cmath> 

9 

10 

using namespace std; 

11 

int main() 

12 

{ 


13 

int 

principal = 1000; 

14 

int 

years = 1; //counter 

15 

16 

double balance = 0.0; 

17 

do 

//begin loop 

18 

{ 


19 

20 


cout « "Year " « years « « endl; 

21 


for (double rate= .03; rate < .06; rate += .01) 

22 


* 

23 


balance=principal * pow(l + rate, years); 

24 


//display rate with zero decimal places 

25 


cout « fixed « setprecision(O) ; 

26 


cout « " Rate " « rate * 100 « "%>: $"; 

27 


//display balance with two decimal places 

28 


cout « setprecision(2) « balance « endl; 

29 


} //end for 

30 



31 


//update years counter 

32 


years += 1; 

33 

34 

> 

while (years < 6); 

35 

systemC'pause") ; 

36 

return 0; 

37 

} //end of main function 



Figure 8-32 Modified savings calculator program 



Figure 8-33 Sample run of the modified savings 
calculator program 
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The answers to 

Mini-Quiz ques- Mini-Quiz 8-3 

tions are located 

in Appendix A. 1. A nested loop can be a pretest loop only. 

a. True 

b. False 

2. For a nested loop to work correctly, it must be contained entirely 
within an outer loop. 

a. True 

b. False 


3. Consider a clock’s hour and minute hands only. The hour hand is 

controlled by a(n)_loop, while the minute hand 

is controlled by a(n)_loop. 

a. outer, nested 

b. nested, outer 

4. Which of the following can be used to code the mathematical 


expression 10 2 ? 


a. 

pow(10.0, 

2.0) 

b. 

pow(10.0, 

2) 

c. 

pow(10, 2 

■ 0) 

d. 

all of the above 


The answers to 
the labs are 
^ located in 
Appendix A. 



AB 8-1 Stop and Analyze 


The program shown in Figure 8-34 displays the total sales made in 
Region 1 and the total sales made in Region 2. Study the program 
and then answer the questions. 


1 

//Lab8-l.cpp - displays each 

region's total sales 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

a 

using namespace std; 


7 

int main() 


8 

{ 


9 

//declare variables 


10 

int sales = 0; 


11 

int region = 1; 

//counter 

12 

int totalRegionSales = 0; 

//accumul ator 

13 




Figure 8-34 Code for Lab 8-1 ( continues ) 
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( continued) 


14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 } 


while (region < 3) 

{ 

//get current region's first sales amount 
cout « "First sales amount for Region " 

« region « 
cin » sales; 

while (sales > 0) 

{ 

//add the sales amount to the total 

//for the region 

totalRegionSales += sales; 

//get the next sales amount for the 
//current region 

cout « "Next sales amount for Region " 
« region « "; 

cin » sales; 

} //end while 

//display the current region's total sales 
cout « "****************R e g-j on " « region 
« " sales: $" « totalRegionSales 
« end! « end!; 


} 


//update the counter 
region += 1; 


//end while 


missing statement 


system("pause"); 
return 0; 

//end of main function 



Figure 8-34 Code for Lab 8-1 


QUESTIONS 

1. How many pretest loops does the program contain? How many 
posttest loops does the program contain? 

. Which of the two loops is controlled by a counter? For what counter 
values will the loop’s condition evaluate to true? What counter value 
will make the loop condition evaluate to false? 

. Which of the two loops is controlled by a sentinel value? What are the 
valid sentinel values for this loop? 

4. The statement on Line 40 is missing from the program. To determine 
the missing statement, desk-check the program using sales amounts 
of 1000, 2000, and -1 for Region 1, and sales amounts of 400, 500, 
and -3 for Region 2. What is the missing statement and why is it 
necessary? How would you modify the comment on Line 38 so it 
documents what the additional statement does? 

After entering the missing statement on Line 40, desk-check the 
program using the data from Question 4. What are the total sales for 
Region 1? What are the total sales for Region 2? 
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6 . Follow the instructions for starting C++ and opening the Lab8-l.cpp 
file. The file is contained in either the Cpp6\Chap08\Lab8-l Project 
folder or the Cpp6\Chap08 folder. Enter the missing statement on 
Line 40. Also modify the comment on Line 38. Run the program and 
then enter the data from Question 4. What does the program display 
as the total sales for each region? (The program’s output should agree 
with the results of your desk-check from Question 5.) 

Modify the program to use a for statement for the region loop and 
ado while statement for the sales loop. Save and then run the pro¬ 
gram. Enter the data from Question 4. What does the program dis¬ 
play as the total sales for each region? (The program’s output should 
agree with the results from Question 6.) 



AB 8-2 Plan and Create 


In this lab, you will plan and create an algorithm for Mrs. Johansen. 
The problem specification is shown in Figure 8-35. 


Problem specification 

Last month, Mrs. Johansen began teaching multiplication to the students in 
her second grade class. She wants a program that displays one or more 
multiplication tables. A sample multiplication table is shown below. The x entries 
represent the number entered by the user and are called the multiplicand. 

The numbers 1 through 9 are called the multiplier. The y entries represent the 
product, which is the result of multiplying the multiplicand (x) by the multiplier 
(the numbers 1 through 9). 


Table format 



x * 6 = y 
x * 7 = y 
x * 8 = y 
x * 9 = y 


Sample table using a multiplicand of 2 

2*1 = 2 
2*2 = 4 
2*3 = 6 
2*4 = 8 
2 * 5 = 10 
2 * 6 = 12 
2 * 7 = 14 
2 * 8 = 16 
2 * 9= 18 


Figure 8-35 Problem specification for Lab 8-2 

First, analyze the problem, looking for the output first and then for the input. 
In this case, Mrs. Johansen wants the program to display a multiplication 
table. The table will show the multiplicand entered by the user, the multipli¬ 
ers provided in the problem specification, and the products calculated by the 
program. Next, plan the algorithm. Recall that most algorithms begin with an 
instruction to enter the input items into the computer, followed by instruc¬ 
tions that process the input items, typically including the items in one or 
more calculations. Most algorithms end with one or more instructions that 
display, print, or store the output items. Figure 8-36 shows the completed 
IPO chart for the multiplication table problem. 
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Input Processing 

multiplicand ProcesstiA.0 Items: 

multiplier (counter. 1 to°j) 
-product 


Output 

multiplication table 
(multiplicand * 
multiplier = product) 


Algorithm.: 

1. enter the first multiplicand 

2. repeat while (the multiplicand Is 
greater than or equal to o ) 

repeat for (multiplier from. 1 toj^ In lnc.rem.ents of l) 
calculate the product by multiplying 
the multiplicand by the multiplier 

display the multiplicand, multiplier, 
and product, then move the cursor 
to the next line 
end repeat 

display a blank. Line between tables 
enter the next multiplicand 
end repeat 



Figure 8-36 Completed IPO chart for the multiplication table problem 

After completing the IPO chart, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You will 
desk-check the algorithm in Figure 8-36 using multiplicands of 2 and 4, fol¬ 
lowed by a sentinel value of -1. Figure 8-37 shows the completed desk-check 
table. Notice that the products corresponding to a multiplicand of 2 agree 
with the amounts shown in the sample table in Figure 8-35. 


ca\A,d 

multiplier 

product 

a 

£ 

a 


a 

+ 


Sr 

a 


+ 

8 


& 

SO- 


a 

£3 


A 



8 

aa 


3 

48 


a 

A 


a 

8 


Sr 

aa 


+ 

aa 
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aa 


a 

2A 


A 

28 


8 

sa 


3 

3<a 

-l 




Figure 8-37 Completed desk-check table for the multiplication table algorithm 
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The fourth step in the problem-solving process is to code the algorithm into 
a program. You begin by declaring memory locations that will store the val¬ 
ues of the input, processing, and output items. The multiplication table pro¬ 
gram will need three memory locations to store the multiplicand, multiplier, 
and product. You will store the multiplicand in a variable, because the user 
should be allowed to change its value during runtime. The multiplier also will 
be stored in a variable to allow its value to change from 1 to 9 in increments 
of 1. Finally, you will store the product in a variable, because its value will 
change based on the current values of the multiplicand and multiplier. The 
multiplicand, multiplier, and product will always be integers, so you will store 
them mint variables. Figure 8-38 shows the IPO chart information and cor¬ 
responding C++ instructions. 


IPO chart information 

C++ instructions 

Input 

multiplicand 

int multi pii cand=0 ; 

Processing 

multlpller (cou.iA.ter: l toft) 

this variable Is created and 

Initialized In the for clause 

product 

int product = 0; 

Output 

multiplication table 

contains the multiplicand, 
multiplier, and product 

Algorithm 

l. enter the first multiplicand 

cout « "Multiplicand (negative 
number to end): " ; 
cin » multiplicand; 

2. repeat while (the multiplicand Is 

while (multiplicand >= 0) 

g reater th a ia or egua It do) 

{ 

repeat for (multiplier from 1 toj) 

for (int multipiier = 1; 

In Increments of l) 

multiplier < 10; multiplier += 1) 

{ 

product = multiplicand 

calculate the product by 

multiplying the multiplicand 

* multiplier; 

by the multiplier 

display the multiplicand. 

cout « multiplicand « 

multiplier, a nd product. 

" * " « multiplier « 

thew move the cursor 

" = " « product « endl ; 

to the next line 

} //end for 

end repeat 

display a blante line 

cout « endl ; 

between tables 

cout « "Multiplicand (negative 

ewterthe next multiplicand 

number to end) : "; 
cin » multiplicand; 

end repeat 

} //end while 


Figure 8-38 IPO chart information and C++ instructions for the multiplication table program 
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m.K.ltipUC'fiiA.d 

rn.tdtipli.er 

product 

© 


© 

a 

£ 

a 


a 

+ 


a 

6 


■+ 

g 


& 

±© 


© 

+a 





g 

+© 


3 

©g 

4- 

£ 
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a 

g 


a 

+a 


■+ 

+© 



a© 


& 

at 


3 

ag 


g 

33 


3 

36 

-1 




The fifth step in the problem-solving process is to desk-check the program. 
You begin by placing the names of the declared variables and named con¬ 
stants (if any) in a new desk-check table, along with their initial values. You 
then desk-check the remaining C++ instructions in order, recording in the 
desk-check table any changes made to the variables. Figure 8-39 shows the 
completed desk-check table for the multiplication table program. The results 
agree with those shown in the algorithm’s desk-check table in Figure 8-37. 


Figure 8-39 Completed desk-check table for the multiplication table program 

The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depend¬ 
ing on the development tool you are using, you may need to create a new 
project; if so, name the project Lab8-2 Project and save it in the Cpp6\ 
Chap08 folder. Enter the instructions shown in Figure 8-40 in a source file 
named Lab8-2.cpp. (Do not enter the line numbers.) Save the file in either 
the project folder or the Cpp6\Chap08 folder. Now follow the appropriate 
instructions for running the Lab8-2.cpp file. Test the program using multipli¬ 
cands of 2 and 4, followed by a sentinel value. If necessary, correct any bugs 
(errors) in the program. 
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You also can 
write the for 
= clause’s update 
argument, which 
appears on Line 
19 in Figure 8-40, as 
multiplier = 
multiplier + 1. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


//Lab8-2.cpp - displays a multiplication table 
//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

int main() 

{ 

//declare variables 
int multiplicand = 0; 
int product = 0; 

cout « "Multiplicand (negative number to end): 
cin » multiplicand; 

while (multiplicand >= 0) 

{ 

for (int multiplier= 1; multiplier < 10; 
multiplier += 1) 

{ 

product=multiplicand * multiplier; 
cout « multiplicand « " * " 

« multiplier « " = " 

« product « endl; 

} //end for 

cout « endl; 

cout « "Multiplicand (negative number to end): " 
cin » multiplicand; 

} //end while 

systemC'pause") ; - 

return 0; 

} //end of main function 


if your C++ development 
tool does not require this 
statement, either omit it or 
make it a comment 


Figure 8-40 Multiplication table program 



1 


AB 8-3 Modify 


If necessary, create a new project named Lab8-3 Project. Enter 
(or copy) the Lab8-2.cpp instructions into a new source file 
named Lab8-3.cpp. Change Lab8-2.cpp in the first comment 
to Lab8-3.cpp. Change both loops to posttest loops. Save and then run 
the program. Use the program to display the multiplication tables for the 
following multiplicands: 6, 9, and 2. 
















Summary 



AB 8-4 Desk-Check 


Desk-check the code shown in Figure 8-41. What will the code 
display on the computer screen? 


int number = 1; 

while (number < 3) 

{ 

cout « number « ' ' ; 
for (int x= 1; x <= 4; x += 1) 
cout « number + x « ' ' ; 
//end for 
number += 1; 
cout « endl; 

} //end while 



Figure 8-41 Code for Lab 8-4 



AB 8-5 Debug 


Follow the instructions for starting C++ and opening the 
Lab8-5.cpp file. The file is contained in either the Cpp6\Chap08\ 
Lab8-5 Project folder or the Cpp6\Chap08 folder. Debug the program. 


Summary 

• A repetition structure can be either a pretest loop or a posttest loop. In a 
pretest loop, the loop condition is evaluated before the instructions within 
the loop are processed. In a posttest loop, the evaluation occurs after the 
instructions within the loop are processed. 

• The condition appears at the end of a posttest loop and determines 
whether the instructions within the loop body will be processed more 
than once. The loop’s condition must result in either a true or false answer 
only. When the condition evaluates to true, the instructions listed in the 
loop body are processed again; otherwise, the loop is exited. 

• You use the do whi 1 e statement to code a posttest loop in C++. You can 
use either the while statement or the for statement to code a pretest 
loop in C++. 

• Repetition structures can be nested, which means one loop (called the 
inner or nested loop) can be placed inside another loop (called the outer 
loop). For nested repetition structures to work correctly, the entire inner 
loop must be contained within the outer loop. 
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• You can use the built-in C++ pow function to raise a number to a power. 
The function returns the result as a doubl e number. 



Key Terms 

Exponentiation —the process of raising a number to a power 

Nested loop —a loop (repetition structure) contained entirely within another 
loop (repetition structure) 

pow function —a built-in C++ function that raises a number to a power and 
then returns the result as a doubl e number 


Review Questions 


1. The condition in the do wh i 1 e statement is evaluated_ 

the instructions in the loop body are processed. 

a. after 

b. before 

2. The instructions in the body of the_statement always 

are processed at least once during runtime. 

a. do while 

b. for 

c. while 

d. both a and b 

3. It’s possible that the instructions in the body of the_ 

statement will not be processed during runtime. 

a. do while 

b. for 

c. while 

d. both b and c 



4. What numbers will the following code display on the computer screen? 

int x = 1; 
do 
{ 

cout « x « endl ; 
x = x + 1; 

} whi 1 e (x < 5) ; 

a. 0, 1, 2, 3, 4 

b. 0,1, 2, 3,4, 5 

c. 1,2, 3,4 

d. 1,2, 3,4, 5 











Review Questions 


5. What numbers will the following code display on the computer 
screen? 

int x = 20; 
do 
{ 

cout « x « endl; 
x = x - 4; 

} whi 1 e (x > 10) ; 

a. 16,12,8 

b. 16,12 

c. 20,16,12,8 

d. 20,16,12 

6. What value of x causes the loop in Review Question 5 to end? 

a. 0 

b. 8 

c. 10 

d. 12 

7. What numbers will the following code display on the computer 
screen? 

int total = 1; 
do 
{ 

cout « total « endl; 
total = total + 2; 

} while (total <= 3); 

a. 1,2 

b. 1,3 

c. 1, 3, 5 

d. 0,1,3 

8. What will the following code display on the computer screen? 

for (int x = 1; x < 3; x = x + 1) 

{ 

for (int y = 1; y < 4; y = y + 1) 
cout « 

//end for 
cout « endl; 

} //end for 
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a. 


b. 


| 300 


c. 



9. What number will the following code display on the computer 
screen? 

int sum = 0; 
int y = 0; 
do 
{ 

for (int x = 1; x < 5; x = x + 1) 
sum = sum + x; 

//end for 

y = y + i; 

} whi 1 e (y < 3) ; 
cout « sum « endl ; 

a. 5 

b. 8 

c. 15 

d. 30 

10. Which of the following raises the number 6 to the third power? 

a. cube(6) 

b. pow(3.0, 6) 

c. pow(6.0, 3) 

d. none of the above 


Exercises 



1. Complete a desk-check table for the code shown in Figure 8-42. What 


TRY THIS 


will the code display on the computer screen? What value causes the 
nested loop to end? What value causes the outer loop to end? (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 
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int nested = 1; 


for (int 
{ 

outer = 1; outer <= 2 

; outer += 1) 

do 

//begin loop 


{ 

cout « nested; 
cout « " 
nested += 1; 


> 

whi1e (nested < 4); 


cout « endl; 
nested = 1; 


} //end 

for 




Figure 8-42 


2. Write a C++ whi 1 e clause that stops a posttest loop when the value TRY THIS 

in the quantity variable is less than the number 0. (The answers to 

TRY THIS Exercises are located at the end of the chapter.) 

3. Rewrite the code shown in Figure 8-42 so it uses the whi 1 e statement MODIFY THIS 
for the outer loop and the for statement for the nested loop. 

4. Rewrite the code shown in Figure 8-42 to use the do while MODIFY THIS 

statement for the outer loop. 


5. Write a C++ whi 1 e clause that processes a posttest loop’s instruc- INTRODUCTORY 

tions as long as the value in the i nStock variable is greater than the 
value in the reorder variable. 


6. Write a C++ whi 1 e clause that stops a posttest loop when the value INTRODUCTORY 

in a char variable named 1 etter is anything other than the letter Y 

(in either uppercase or lowercase). 

7. Write an assignment statement that raises the number 2 to the INTRODUCTORY 

25 th power and then assigns the result to a doubl e variable named 

answer. 


8. A program declares an i nt variable named oddNum and initial- INTERMEDIATE 

izes it to 1. Write the C++ code to display the odd integers 1, 3, 5, 7, 
and 9 on separate lines on the computer screen. Use the do while 
statement. 


9. Write the code to display a table consisting of four rows and six INTERMEDIATE 

columns. The first column should contain the numbers 1 through 4 
raised to the first power. The second column should contain the result 
of raising the number in the first column to the second power. The 
third column should contain the result of raising the number in the 
first column to the third power, and so on. The table will look similar 
to the one shown in Figure 8-43. Use two for statements: one to keep 
track of the numbers 1 through 4, and the other to keep track of the 
powers (1 through 6). 






CHAPTER 8 


More on the Repetition Structure 


1 

1 

1 

1 

1 

1 

2 

4 

8 

16 

32 

64 

3 

9 

27 

81 

243 

729 

4 

16 

64 

256 

1024 

4096 




Figure 8-43 


INTERMEDIATE 

10. 

Rewrite the code from Pencil and Paper Exercise 9 to use two while 
statements. 

INTERMEDIATE 

11. 

Rewrite the code from Pencil and Paper Exercise 9 to use two 
do while statements. 

INTERMEDIATE 

12. 

Rewrite the code from Pencil and Paper Exercise 9 to use a whi 1 e 
statement in the outer loop. 

INTERMEDIATE 

13. 

Rewrite the code from Pencil and Paper Exercise 9 to use the 
do while statement in the nested loop. 

SWAT THE BUGS 

14. 

The code shown in Figure 8-44 should display three rows of asterisks 
on the computer screen. The first row should contain one asterisk. The 
second row should contain two asterisks, and the third row should 
contain three asterisks. However, the code is not working correctly; it 
displays three asterisks on each of the three rows. Debug the code. 


for (int row=l; row < 4; row += 1) 


{ 


for (int asterisks = 1; asterisks <= 3 

; asterisks += 1) 

cout « ' *'; 


//end for 


cout « endl; 


} //end for 



Figure 8-44 



Computer 


TRY THIS 15. In this exercise, you create a program that uses two for statements to 

display the pattern of asterisks shown in Figure 8-45. If necessary, cre¬ 
ate a new project named TryThisl5 Project. Enter the C++ instruc¬ 
tions into a source file named TryThisl5.cpp. Also enter appropriate 
comments and any additional instructions required by the compiler. 
Save and then run the program. (The answers to TRY THIS Exercises 
are located at the end of the chapter.) 


* * 

* * * * 

****** 

******** 

********** 


Figure 8-45 
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16. In this exercise, you create a program that uses two whi 1 e statements TRY THIS 
to display the pattern of asterisks shown in Figure 8-46. If necessary, 
create a new project named TryThisl6 Project. Enter the C++ instruc¬ 
tions into a source file named TryThisl6.cpp. Also enter appropriate 
comments and any additional instructions required by the compiler. 

Save and then run the program. (The answers to TRY THIS Exercises 
are located at the end of the chapter.) 


********* 

******** 

******* 

****** 

***** 

* * * * 

* * * 

* * 


Figure 8-46 


17. In this exercise, you modify the code from Computer Exercise 16. 

If necessary, create a new project named ModifyThisl7 Project. 

Enter (or copy) the TryThisl6.cpp instructions into a new source file 
named ModifyThisl7.cpp. Change TryThisl6.cpp in the first com¬ 
ment to ModifyThisl7.cpp. Replace the two while statements with 
do while statements. Save and then run the program. 

18. The savings calculator program is shown in Figure 8-29 in the chap¬ 
ter. If necessary, create a new project named Introductory 18 Project. 
Enter the C++ instructions from the figure into a source file named 
Introductoryl8.cpp. Change the filename in the first comment. Save 
and then run the program. The output is shown in Figure 8-30 in the 
chapter. Replace the do while statement with a for statement, and 
then save and run the program again. 

19. The modified savings calculator program is shown in Figure 8-32 in 
the chapter. If necessary, create a new project named Introductory 19 
Project. Enter the C++ instructions from the figure into a source 
file named Introductoryl9.cpp. Change the filename in the first 
comment. Save and then run the program. The output is shown in 
Figure 8-33 in the chapter. Replace the for statement with a whi 1 e 
statement, and then save and run the program again. 


MODIFY THIS 


INTRODUCTORY 


INTRODUCTORY 


20. In this exercise, you modify the code from Lab 8-2. If necessary, ere- INTERMEDIATE 

ate a new project named Intermediate20 Project. Enter (or copy) the 
C++ instructions from the Lab8-2.cpp file into a source file named 
Intermediate20.cpp. Change the filename in the first comment. 

Replace both pretest loops with posttest loops. Save and then run the 
program. 


21. The modified savings calculator program is shown in Figure 8-32 in 
the chapter. If necessary, create a new project named Intermediate21 


INTERMEDIATE 
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Project. Enter the C++ instructions from the figure into a source file 
named Intermediate21.cpp. Modify the program to allow the user to 
enter the principal. Use a sentinel value to end the program. Save and 
then run the program. Test the program using the following princi¬ 
pals, followed by your sentinel value: 1000, 3000, and 10000. 

INTERMEDIATE 22. Write the code to display a table consisting of four rows and 11 col¬ 

umns. The first column should contain the numbers 1 through 4. The 
second and subsequent columns should contain the result of multi¬ 
plying the number in the first column by the numbers 0 through 9. 

The table will look similar to the one shown in Figure 8-47. (Don’t 
be concerned about the alignment of the numbers in each column.) 
Use two for statements. If necessary, create a new project named 
Intermediate22 Project. Enter your C++ instructions into a source file 
named Intermediate22.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Save and then run 
the program. 


1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

2 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

3 

0 

3 

6 

9 

12 

15 

18 

21 

24 

27 

4 

0 

4 

8 

12 

16 

20 

24 

28 

32 

36 


Figure 8-47 

INTERMEDIATE 23. The payroll manager at Kenton Incorporated wants a program that 

allows him to enter an unknown number of payroll amounts for each 
of three stores: Store 1, Store 2, and Store 3. The program should cal¬ 
culate the total payroll and then display the result on the screen. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm using 23000 and 15000 as the payroll amounts for Store 
1; 12000, 16000, 34000, and 10000 for Store 2; and 64000, 12000, 
and 70000 for Store 3. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 8-38. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. If necessary, create a new project named Intermediate23 Project. 
Enter your C++ instructions into a source file named Intermedi- 
ate23.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

24. In this exercise, you modify the program from Lab 7-2 in Chapter 7. 

If necessary, create a new project named Intermediate24 Project. Copy 
the instructions from the Lab7-2.cpp file into a source file named 
Intermediate24.cpp. (Alternatively, you can enter the instructions 


INTERMEDIATE 
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from Figure 7-48 into the Intermediate24.cpp file.) Change the file¬ 
name in the first comment. Modify the program to allow Professor 
Chang to display more than one student’s total points and grade. Save 
and then run the program. Test the program appropriately. 

25. At the beginning of every year, Khalid receives a raise on his previ- ADVANCED 

ous year’s salary. He wants a program that calculates and displays the 

amount of his annual raises for the next three years, using rates of 3%, 

4%, 5%, and 6%. The program should end when Khalid enters a senti¬ 
nel value as the salary. 

a. Create an IPO chart for the problem, and then desk-check the 
algorithm using annual salaries of $30000 and $50000. 

b. List the input, processing, and output items, as well as the 
algorithm, in a chart similar to the one shown earlier in 
Figure 8-38. Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. If necessary, create a new project named Advanced25 
Project. Enter your C++ instructions into a source file named 
Advanced25.cpp. Also enter appropriate comments and any addi¬ 
tional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

26. In this exercise, you modify the program from Computer Exercise 15. ADVANCED 
The modified program will allow the user to specify the outer loop’s 

ending value and its increment value. The ending value determines 
the maximum number of asterisks to display. The increment value 
determines the number of asterisks to repeat. 

a. If necessary, create a new project named Advanced26 Project. 

Enter (or copy) the TryThisl5.cpp instructions into a new source 
file named Advanced26.cpp. Change TryThisl5.cpp in the first 
comment to Advanced26.cpp. Make the appropriate modifica¬ 
tions to the program. 

b. Save and then run the program. Test the program by entering the 
numbers 4 and 1 as the maximum number of asterisks and incre¬ 
ment value, respectively. The program should display four rows 
of asterisks as follows: one asterisk, two asterisks, three asterisks, 
and four asterisks. 

c. Run the program again. This time, enter the numbers 9 and 3 as 
the maximum number of asterisks and increment value, respec¬ 
tively. The program should display three rows of asterisks as fol¬ 
lows: three asterisks, six asterisks, and nine asterisks. 


27. In this exercise, you modify the program from Computer Exercise 16. ADVANCED 
The modified program will allow the user to display the asterisks 
using one of two different patterns. Pattern 1 contains nine rows of 
asterisks as follows: nine asterisks, eight asterisks, seven asterisks, six 
asterisks, five asterisks, four asterisks, three asterisks, two asterisks, 
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and one asterisk. Pattern 2 contains nine rows of asterisks as follows: 
one asterisk, two asterisks, three asterisks, four asterisks, five aster¬ 
isks, six asterisks, seven asterisks, eight asterisks, and nine asterisks. 

a. If necessary, create a new project named Advanced27 Project. 
Enter (or copy) the TryThisl6.cpp instructions into a new source 
file named Advanced27.cpp. Change TryThisl6.cpp in the first 
comment to Advanced27.cpp. Make the appropriate modifica¬ 
tions to the program. 

b. Save and then run the program. Display the asterisks using the 
first pattern, and then display them using the second pattern. 


ADVANCED 28. The modified savings calculator program is shown in Figure 8-32 in 


the chapter. If necessary, create a new project named Advanced28 
Project. Enter the C++ instructions from the figure into a source file 


named Advanced28.cpp. Modify the program to allow the user to 
enter the principal, the minimum and maximum interest rates, and 
the number of years. Save and then run the program. Test the pro¬ 
gram appropriately. Include the following values in your test data: 
1000, .04, .06, and 5. 


29. Follow the instructions for starting C++ and opening the 


SWAT THE BUGS 


SwatTheBugs29.cpp file. The file is contained in either the Cpp6\ 
Chap08\SwatTheBugs29 Project folder or the Cpp6\Chap08 folder. 
Debug the program. 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. See Figure 8-48. The number 4 causes the nested loop to end. The 
number 3 causes the outer loop to end. 


nested 


outer 


+ 

a 

s 


+ 

a 

3 


+ 

i 

a 

3 

+ 

l 


The program will display the following output: 
1 2 3 

1 2 3 


Figure 8-48 


2. } while (quantity >= 0); 
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Computer 


15. See Figure 8-49. 


1 

//TryThisl5.cpp - displays a pattern of asterisks 

2 

//Created/revised by <your name> on <current 

date> 

4 

#include <iostream> 


5 

using namespace std; 


6 



7 

int main() 


8 

{ 


9 

for (int outer = 2; outer < 11; outer += 2) 

10 

{ 


11 

for (int nested=1; nested <= outer; 

nested += 1) 

12 

cout « ; 


13 

//end for 


14 

cout « endl ; 


15 

} //end for 


16 



17 

systemC'pause"); 


18 

return 0; 


19 

} //end of main function 


Figure 8-49 


16 

See Figure 8-50. 


1 

//TryThisl6.cpp - displays a pattern of asterisks 

2 

D 

//Created/revised by <your name> on <current 

date> 

4 

#include <iostream> 


5 

using namespace std; 


6 



7 

int main() 


8 

{ 


9 

int outer = 9; 


10 

int nested = 1; 


11 



12 

while (outer > 0) 


13 

{ 


14 

while (nested <= outer) 


15 

{ 


16 

cout « ; 


17 

nested += 1; //update counter 


18 

} //end while 


19 

outer -= 1; //update counter 


20 

nested= 1; //reset counter 


21 

cout « endl; 


22 

} //end while 


23 



24 

systemC'pause"); 


25 

return 0; 


26 

} //end of main function 



Figure 8-50 









HAPTER 


Value-Returning 

Functions 



After studying Chapter 9, you should be able to: 

® Use the sqrt function to return the square root of a number 

® Generate random numbers 

® Create and invoke a function that returns a value 

® Pass information by value to a function 

<§> Write a function prototype 

<§> Understand a variable's scope and lifetime 





Functions 


Functions 

As you learned in Chapter 4, a function is a block of code that performs a 
task. Every C++ program contains at least one function, which is named 
mai n; however, most C++ programs contain many functions. Some of the 
functions used in a program are built into the C++ language. The code for 
these built-in functions resides in C++ libraries, which are special files that 
come with the C++ language. Examples of built-in functions with which you 
already are familiar include pow and toupper. Other program functions, like 
mai n, are created by the programmer. These functions often are referred to 
as program-defined functions, because the function definitions are contained 
in the program itself rather than in a different file. But why would a program¬ 
mer need more than the mai n function? One reason is to avoid the duplica¬ 
tion of code. For instance, assume that the same task needs to be performed 
in more than one section of a program. Rather than enter the appropriate 
code in each of those sections, it is more efficient for the programmer to 
enter the code once, in a function. Any section in the program can then call 
(or invoke) the function to perform the required task. Program-defined func¬ 
tions also allow large and complex programs, which typically are written by 
a team of programmers, to be broken into small and manageable tasks. Each 
member of the team is assigned one or more tasks to code as a function. 
When each programmer completes his or her function, all of the functions 
are gathered together into one program. In other words, program-defined 
functions allow more than one programmer to work on a program at the 
same time, decreasing the time it takes to write the program. Typically, a pro¬ 
gram’s mai n function is responsible for calling (or invoking) each of the other 
program-defined functions. However, any program-defined function can call 
any other program-defined or built-in function. All program-defined and 
built-in functions are categorized as either value-returning functions or void 
functions. Value-returning functions return a value, whereas void functions 
do not return a value. You will learn about value-returning functions in this 
chapter. Void functions are covered in Chapter 10. 

All value-returning functions, whether built-in or program-defined, per¬ 
form a task and then return precisely one value after the task is completed. 
The built-in value-returning toupper function, for example, temporarily 
converts a character to uppercase and then returns the result. The built-in 
value-returning pow function, on the other hand, returns the result of raising 
a number to a specified power. In almost all cases, a value-returning function 
returns its one value to the statement from which it was called (invoked). 

One exception is the mai n function, which returns its one value to the oper¬ 
ating system. Typically, the statement that invokes a function assigns the 
return value to a variable. However, it also may use the return value in a cal¬ 
culation or comparison; or it simply may display the return value. In the first 
part of this chapter, you will learn how to use several built-in value-returning 
functions. Later in the chapter, you will learn how to create program-defined 
value-returning functions. At this point, it’s important to point out that func¬ 
tions are one of the more challenging topics for beginning programmers. 
Therefore, don’t be concerned if you don’t understand everything right away. 
If you still feel overwhelmed by the end of the chapter, try reading the chap¬ 
ter again, paying particular attention to the examples and programs shown in 
the figures. 



In some program¬ 
ming languages, 
functions are 
called methods, 
subroutines, or 
procedures. 





CHAPTER 9 


Value-Returning Functions 



Raising a number 
to the second 
s power is the 
same as squar¬ 
ing a number. 


The Hypotenuse Program 

Figure 9-1 shows the problem specification and IPO chart for the hypotenuse 
program. (The flowchart for this program is contained in the Ch9Flowcharts. 
pdf file, which is located in the Cpp6\Chap09 folder.) The program calculates 
and displays the length of a right triangle’s hypotenuse, which is the longest 
side of the triangle. The figure also includes an example of using the Pythago¬ 
rean Theorem to calculate the length. The theorem requires raising a number 
to the second power and also taking the square root of a number. You already 
know how to square a number using the C++ built-in pow function. In the 
next section, you will learn how to use the built-in sqrt function to find 
the square root of a number. Both functions are value-returning functions 
because they return a value after performing their assigned task. 


Problem specification 

Create a program that calculates and displays the length of the hypotenuse 
of a right triangle, given the lengths of the triangle’s two adjacent sides ( side 
a and side b). You can calculate the length using the Pythagorean Theorem, 
which indicates that the length of the hypotenuse is equal to the square root of 
the sum of the squares of the lengths of a right triangle’s two adjacent sides. 

In other words, the hypotenuse’s length is equal to the square root of the 
following sum: (side a length ) 2 + (side b length) 2 . 


Example side a lensth is 10 and side b length is 24 


1. square side a length 

2. square side b length 

3. sum the squares from Steps 1 and 2 

4. find the square root of the sum from Step 3 


Input 

side a length 
side b length 


Processing 

Processing ltem.s: 

sum of the squares 


10 * 10 = 100 
24 * 24 = 576 
100 + 576 = 676 


length of the 
hypotenuse 


Output 

hypotenuse length 


Algorithm.: 

1. enter side a length and side b length 

2 . calculate the sum. of the squares 

= (side a length) 2 + (side b length) 2 

3. calculate the hypotenuse length by finding 
the square root of the sum. of the squares 

4. display the hypotenuse length 


Figure 9-1 Problem specification, calculation example, and IPO chart for the hypotenuse 
program 


Finding the Square Root of a Number 

In Chapter 8, you learned that you can find the square root of a number 
by raising the number to the .5 power, like this: pow(100, . 5) . Although 
you can use the pow function to determine a square root, C++ provides 
the sqrt function specifically for that purpose. The sqrt function is a 
built-in value-returning function that calculates a number’s square root and 
then returns the result as a doubl e number. The sqrt function’s code is 














The Hypotenuse Program 


contained in the cmath library file. Therefore, a program must contain the 
#i ncl ude <cmath> directive in order to use the sqrt function. The direc¬ 
tive tells the C++ compiler the location of the function’s code. The sqrt 
function’s syntax is shown in Figure 9-2. Recall from Chapter 5 that an item 
within parentheses in a function’s syntax—in this case, x —is called an argu¬ 
ment; more specifically, it is called an actual argument. An actual argument 
represents information that the function needs to perform its task. The 
information is passed to the function when the function is invoked. Invoking 
a function also is referred to as calling a function. You call a function simply 
by including its name and actual arguments (if any) in a program statement. 
The sqrt function contains one actual argument {x), because it requires only 
one item of information: the number whose square root you want to find. 

The x actual argument must have either the doubl e or float data type. Also 
included in Figure 9-2 are examples of using the sqrt function. (For clarity, 
the variable declaration statements are included in the examples.) The assign¬ 
ment statement in Example 1 calls (invokes) the sqrt function, passing it 
the doubl e number 100.0. The function calculates the number’s square root 
and then returns the answer to the assignment statement, which assigns the 
answer to the squareRoot variable. Similarly, the second cout statement in 
Example 2 calls the sqrt function, passing it the doubl e number stored in 
the num variable. The function calculates the number’s square root and then 
returns the answer to the cout statement, which displays the answer on the 
computer screen. 


Recall from 
Chapter 4 that a 
s #include 

directive provides 
a convenient way 
to merge the source 
code from one file with 
the source code in 
another file, without hav¬ 
ing to retype the code. 



HOW TO Use the sqrt Function 
Syntax 

sqrt(x) - 


requires the #i ncl ude 
<cmath> directive 


Example 1 

double squareRoot = 0.0; 
squareRoot = sqrt(100.0); 

The sqrt function finds the square root of the double number 100.0 
and then returns the result (the double number 10.0) to the assignment 
statement, which assigns the return value to the squareRoot variable. 


Example 2 

double num = 0.0; 

cout « "Enter a number: "; 

cin » num; 

cout « sqrt(num); 

The sqrt function finds the square root of the double number stored in 
the num variable and then returns the result to the cout statement, which 
displays the return value on the computer screen. 


Figure 9-2 How to use the sqrt function 
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Figure 9-3 shows the IPO chart information and corresponding C++ instruc¬ 
tions for the hypotenuse program, and Figure 9-4 shows all of the program’s 
code. The #i ncl ude <cmath> directive on Line 6 in the code is required 
because the program uses the sqrt function. The directive tells the C++ 
compiler to include the contents of the cmath file, which contains the sqrt 
function’s code, in the current program. The sqrt function appears in the 
assignment statement on Line 26. The assignment statement calls the func¬ 
tion, passing it the value stored in the sumSqrs variable. When the computer 
encounters the assignment statement in the code, it temporarily leaves the 
mai n function to process the sqrt function’s code. The sqrt function cal¬ 
culates the square root of the value passed to it and then returns the value 
to the statement that called it. In this case, it returns the value to the assign¬ 
ment statement on Line 26. The assignment statement assigns the return 
value to the doubl e hypotenuse variable. A sample run of the hypotenuse 
program is shown in Figure 9-5. 


IPO chart information 

InDut 

side a length 
side b length 

C++ instructions 

double sideA = 0.0; 
double sideB = 0.0; 

Processing 

sum of the squares 

double sumSqrs = 0.0; 

OutDUt 

hypotenuse Length 

double hypotenuse = 0.0; 

Algorithm 

l. enter side a Length and side b length 

cout « "Side a length: "; 
cin » sideA; 

cout « "Side b length: "; 
cin » sideB; 

2 . tabulate t be sum. of the squares = 
(side a length) 2 + (side b length) 2 

sumSqrs = pow(sideA, 2) + 
powfsideB, 2); 

3. tabulate the hypotenuse length by 
finding the square root of the sum. 
of the squares 

hypotenuse = sqrt(sumSqrs) ; 

4. display the hypotenuse length 

cout « "Hypotenuse length: " 
« hypotenuse « endl; 


Figure 9-3 IPO chart information and C++ instructions for the hypotenuse program 













The Random Addition Problems Program 


1 //Hypotenuse.cpp - displays the length of the 

2 //hypotenuse of a right triangle 

B //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <cmath> - 

7 using namespace std; 

8 

9 int main() 

10 { 

11 

12 //declare variables 


13 double sideA =0.0 

14 double sideB =0.0 

15 double sumSqrs = 0.0 

16 double hypotenuse = 0.0 

17 


18 //get lengths of two sides 

19 cout « "Side a length: 

20 cin » sideA; 

21 cout « "Side b length: 

22 cin » sideB; 

23 

24 //calculate the length of the hypotenuse 

25 sumSqrs = pow(sideA, 2) + pow(sideB, 2); 

26 hypotenuse = sqrt(sumSqrs) ; - 

27 

28 //display the length of the hypotenuse 

29 cout « "Hypotenuse length: " 

30 « hypotenuse « endl; 

31 

32 system("pause") ; - 

33 return 0; 

34 } //end of main function 


your C++ development 
tool may not require 
this statement 


uses the sqrt 
function 


required for the 
sqrt function 



Figure 9-4 Hypotenuse program 



Figure 9-5 Sample run of the hypotenuse program 


The Random Addition Problems Program 

Figure 9-6 shows the problem specification and IPO chart for the random 
addition problems program. (The flowchart for this program is contained 
in the Ch9Flowcharts.pdf file, which is located in the Cpp6\Chap09 folder.) 
The algorithm requires the computer to generate two random integers from 
1 to 10, inclusive. You will learn how to generate random integers in the 
next section. 
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Problem specification 

Create a program that displays five random addition problems, one at a time, 
on the computer screen. Each problem should be displayed as a question, like 
this: What is the sum ofx + y?. The x and y in the question represent numbers 
from 1 to 10, inclusive. After displaying the question, the program should allow 
the user to enter the answer. It then should compare the user’s answer with the 
correct answer. If the user’s answer matches the correct answer, the program 
should display the “Correct!" message. Otherwise, it should display the “Sorry, 
the answer is” message followed by the correct answer and a period. 

Input Processing 

user's answer Processing ltem.s: 

first random, number (l to 1 o) 
sec.oiA.ot random. number (lto l o) 
counter (l to 5“) 
correct answer 

Algorithm.: 

1. liAttlallze the random. iAu.rn.ber generator 

2. repeat for (counter from, l to 5) 

generate the first random. iAu.rn.ber 

generate the secoiAol random. iAu.rn.ber 

calculate the correct answer by aototliAg 
together the first random. iAu.rn.ber a rut 
secoiAol random. iAu.rn.ber 

display the addition problem. 

eiAterthe user's answer 

If (user's answer matches correct answer) 
display "Correct!" message 
else 

display "Sorry, the answer Is" message 
followed by the correct awswer awd a period 
ewd If 

display two blante, lliA.es 
ewd repeat 


Output 

addition problem 
message 


Figure 9-6 Problem specification and IPO chart for the random addition problems program 


Generating Random Integers 

Many programs require the use of random numbers. Examples of such 
programs include game programs, lottery programs, and programs used 
to practice elementary math skills. Most programming languages provide 
a pseudo-random number generator, which is a device that produces a 
sequence of numbers that meet certain statistical requirements for ran¬ 
domness. Pseudo-random numbers are chosen with equal probability from 
a finite set of numbers. The chosen numbers are not completely random, 
because a definite mathematical algorithm is used to select them. However, 
they are sufficiently random for practical purposes. The random number 
generator in C++ is a built-in value-returning function named rand. The 
rand function returns an integer that is greater than or equal to zero but 
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less than or equal to the value stored in the RAND_MAX constant, which is 
one of many constants built into the C++ language. Although the value of 
RANDJVIAX varies with different systems, its value is always at least 32767. 
Figure 9-7 shows the rand function’s syntax and includes examples of using 
the function to generate random integers. The rand function’s syntax does 
not contain any actual arguments, because the function does not require any 
information to perform its task. However, notice that the parentheses after 
the function’s name are required. 


The cout « 
RAND_MAX; 
s statement will 
display the value 
of RAND_MAX on 
your computer system. 




HOW TO Use the rand Function 
Syntax 

rand() 


Example 1 

int randomNum = 0; 
randomNum = rand(); 

The rand function generates a random integer that is greater than or equal 
to zero but less than or equal to rand_max. It then returns the random 
integer to the assignment statement, which assigns the random integer to 
the randomNum variable. 


In C++, every 
function's name 
s is followed by a 
set of parenthe¬ 
ses, which may 
or may not contain actual 
arguments. 


Example 2 

cout « rand(); 

The rand function generates a random integer that is greater than or equal 
to zero but less than or equal to rand_max. It then returns the random 
integer to the cout statement, which displays the random integer on the 
computer screen. 

Example 3 

int tripleNum = 0; 
tripleNum = rand() * 3; 

The rand function generates a random integer that is greater than or equal 
to zero but less than or equal to rand_max. It then returns the random 
integer to the assignment statement, which multiplies the random integer by 
three and assigns the result to the tri pi eNum variable. 


Figure 9-7 How to use the rand function 

Most programs that use random numbers require the numbers to be within a 
range that is more specific than zero through RAND_MAX. For example, a pro¬ 
gram that simulates rolling dice will require integers from one through six only. 
A program that displays arithmetic problems for elementary school students, 
on the other hand, may require integers from 10 through 100. Figure 9-8 shows 
the syntax of an expression that you can use to specify the desired range of 
integers. In the syntax, lowerBound and upperBound are the lowest integer and 
highest integer, respectively, in the range. Also included in Figure 9-8 are exam¬ 
ples of using the expression in a C++ statement. The expression in Example 1 
will produce integers in the range of one through six, whereas the expression 
in Example 2 will produce integers from 10 through 100. Figure 9-8 also shows 
how the computer evaluates the expressions using sample values generated by 
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Recall from 
Chapter 4 that 
s the modulus 
operator divides 
two integers and 
then returns the remain¬ 
der as an integer. 


You also can 
write the 

s expressions in 
Figure 9-8 as 
1 + rand() % 
6 and 10 + rand() % 
91. Flowever, including 
the lowerBound and 
upperBound values within 
the parentheses makes 
the expression clearer 
and more self- 
documenting. 


the rand function. The first sample value for Example 1 is 27. When process¬ 
ing the 1 + 27% (6-1 + 1) expression, the computer first evaluates the 
part of the expression within parentheses; in this case, 6-1+1 evaluates 
to 6. The expression now becomes 1 + 2 7 % 6. The modulus operation in 
the expression is evaluated next. The modulus operator (%) tells the computer 
to divide the number 27 by the number 6 and then find the remainder; in this 
case, the remainder is 3. The expression now becomes 1 + 3. Finally, the 
computer adds the number 1 to the number 3, giving 4. In other words, the 
expression in Example 1 evaluates to the integer 4 when the rand value is 27. 
As Figure 9-8 indicates, the expression will evaluate to the integers 3 and 1 
when the rand value is 8 and 324, respectively. Notice that the three random 
integers (4, 3, and 1) are within the range of one through six. Now look closely 
at the sample rand values used in Example 2; the first sample value is 352. 
When processing the 10 + 352 % (100 - 10 + 1) expression, the com¬ 
puter first evaluates the part of the expression within parentheses; in this case, 
100 - 10 + 1 evaluates to 91. The expression now becomes 10 + 352 % 
91. The modulus operator (%) in the expression tells the computer to divide the 
number 352 by the number 91 and then find the remainder; in this case, the 
remainder is 79. The expression now becomes 10 + 79. Finally, the computer 
adds the number 10 to the number 79, giving 89. Therefore, the expression in 
Example 2 evaluates to the integer 89 when the rand value is 352. The expres¬ 
sion will evaluate to the integers 14 and 53 when the rand value is 4 and 2500, 
respectively. Notice that, in this case, the three random integers (89,14, and 
53) are within the range of 10 through 100. 


HOW TO Generate Random Integers within a Specific Range 
Syntax 

lowerBound + rand() % (upperBound - lowerBound + 1) 


Example 1 

cout « 1 + rand() % (6 - 1 + 1); 

displays a random integer from 1 through 6 on the computer screen 


rand value: 27 

6 - l + l is evaluated first and results in 6 
27 % 6 is evaluated next and results in 3 
1 + 3 is evaluated last and results in 4 


1 + 27 % (6 - 1 + 1) 
1 + 27 % 6 
1+3 
4 


rand value: 8 

6 - l + l is evaluated first and results in 6 
8 % 6 is evaluated next and results in 2 
1 + 2 is evaluated last and results in 3 


l + 8 % (6 - l + l) 
l + 8 % 6 
1 + 2 
3 


rand value: 324 

6 - l + l is evaluated first and results in 6 
324 % 6 is evaluated next and results in 0 
1 + 0 is evaluated last and results in 1 


1 + 324 % (6 - 1 + 1) 
1 + 324 % 6 
1 + 0 
1 


Figure 9-8 Flow to generate random integers within a specific range (continues) 
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(continued) 


Example 2 

int num = 0; 

num = 10 + rand() % (100 - 10+1); 

assigns a random integer from 10 through 100 to the num variable 


317 


rand value: 352 

100 - 10 + 1 is evaluated first and results in 91 
352 % 91 is evaluated next and results in 79 
10 + 79 is evaluated last and results in 89 


10 + 352 % (100 -10 + 1) 
10 + 352 % 91 
10 + 79 
89 


rand value: 4 

100 - 10 + 1 is evaluated first and results in 91 
4 % 91 is evaluated next and results in 4 
10 + 4 is evaluated last and results in 14 


10 + 4 % (100 -10 + 1) 
10 + 4 % 91 
10 + 4 
14 


rand value: 2500 

100 - 10 + 1 is evaluated first and results in 91 
2 500 % 91 is evaluated next and results in 43 
10 + 43 is evaluated last and results in 53 


10 + 2500 % (100 -10+1) 
10 + 2500 % 91 
10 + 43 
53 


Figure 9-8 How to generate random integers within a specific range 

You should initialize the random number generator in each program in which 
it is used. Otherwise, it will generate the same series of numbers each time 
the program is executed. Typically, the initialization task is performed at the 
beginning of the program. You initialize the random number generator using 
the srand function. Like the rand function, the srand function is a built-in 
C++ function. However, unlike the rand function, the srand function is a 
void function, which means it does not return a value. You will learn more 
about void functions in Chapter 10. Figure 9-9 shows the syntax of the s rand 
function and includes examples of using the function. The seed actual argu¬ 
ment in the syntax is an integer that represents the starting point for the ran¬ 
dom number generator. The computer uses the starting point (or seed) in the 
mathematical algorithm it employs when selecting the random numbers. You 
can have the user enter the seed, as shown in Example 1 in Figure 9-9. How¬ 
ever, a more common way to initialize the random number generator is to use 
the C++ ti me function as the seed; this is shown in Examples 2 and 3. The 
time function is a built-in value-returning function that returns the current 
time (according to your computer system’s clock) as seconds elapsed since 
midnight on January 1, 1970. However, because the ti me function returns 
a ti me_t object, you will need to use a type cast to convert the function’s 
return value to an integer, as shown in Examples 2 and 3. In both examples, 
the time function is passed one actual argument: the number 0. Using the 
ti me function as the s rand function’s seed ensures that the random num¬ 
ber generator is initialized with a unique integer each time the program is 
executed. The unique integer will produce a unique series of random num¬ 
bers. To use the time function in a program, the program must contain the 
#include <ctime> directive. 
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HOW TO Use the srand Function 

Syntax 

srand(seed) 


Example 1 

int x = 0; 

cout « "Enter an integer: 
cin » x; 
srand(x); 

cout « rand() « endl; 
cout « rand() « endl; 

The srand function initializes the random number generator using the integer 
entered by the user. The cout statements display two random integers on the 
computer screen. The random integers will be greater than or equal to zero 
but less than or equal to rand_max. 


Example 2 


the ti me function requires the 
#include <ctime> directive 


srand(static_cast<int>(time(0))); 
cout « rand() « endl; 
cout « rand() « endl; 

The srand function initializes the random number generator using the value 
returned by the ti me function after it has been converted to the i nt data type. 
The cout statements display two random integers on the computer screen. 
The random integers will be greater than or equal to zero but less than or 
equal to rand_max. 


Example 3 
int randNum = 0; 
srand(static_cast<int>(time(0))) ; 
randNum = 1 + rand() % (10 -1+1); 

The srand function initializes the random number generator using the value 
returned by the time function after it has been converted to the int data type. 
The assignment statement assigns a random integer to the randNum variable. 
The random integer will be greater than or equal to one but less than or equal 
to 10. 


the time function requires the 
#include <ctime> directive 


Figure 9-9 Flow to use the srand function 


Figure 9-10 sliows the IPO chart information and corresponding C++ 
instructions for the random addition problems program, and Figure 9-11 
shows all of the program’s code. The #i ncl ude <cti me> directive appears 
on Line 9 in the code and is required when using the ti me function. The 
statement on Line 21 uses the time and srand functions to initialize the 
random number generator. The rand function appears in the assignment 
statements on Lines 28 and 29; each assigns a random integer from one 
through 10 to a variable. A sample run of the random addition problems pro¬ 
gram is shown in Figure 9-12. 
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IPO chart information 

C++ instructions 

Input 

user's answer 

int userAnswer = 0; 

Processing 

first random, i/vumber (l to 1 o) 

int numl = 0; 

second rfliA,donA number (lto 10 ) 

int num2 = 0; 

oou.n.ter (l to 5“) 

this variable Is created nicd licltlallzed lie the 
for clause 

correct answer 

int correctAnswer = 0; 

Output 

addition problem 

this coietnlics strlwg literal cowstnwts aicd 
the icumi aicd icum2 variables 

message 

this Is owe of two messages composed of 
either a strlwg literal cowstnwt or strlwg 
literal cowstnwts nwd the correctAwswer 
variable 

Algorithm 

l. Initialize the random, wumber 

srand(static_cast<int>(time(0))) ; 

gewerntor 

2. repent for (cou.ic.ter from. 1 to 5) 

for (int x = 1; x < 6; x += 1) 

{ 

numl = 1 + rand() % (10 - 1+1); 

generate the first rnicdom. icu.rn.ber 

gewerntethe second rnicdom. icu.rn.ber 

num2 = 1 + rand() % (10 - 1+1); 

calculate the correct answer by 

correctAnswer = numl + num2; 

nddlwg togetherthe first raicdom. 
icu.rn.ber nwd secoicd rnicdom. icu.rn.ber 

display the nddltlow problem 

cout « "What is the sum of " 

« numl « " + " « num2 « "? "; 

ewterthe user's nwswer 

cin » userAnswer; 

If (user's nwswer matches 

if (userAnswer == correctAnswer) 

correct nwswer) 

display "Correct!" message 

cout « "Correct!"; 

else 

el se 

display "Sorry, the nicswer Is" 

cout « "Sorry, the correct 

message followed by the correct 

answer is " « correctAnswer 

nwswer aicd a period 

« " ■"; 

tiAch t~f 

//end if 

display two blnwte llices 

cout « endl « end! ; 

ewd repeat 

} //end for 



Figure 9-10 IPO chart information and C++ instructions for the random addition problems program 
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//Random Addition.cpp 

//Displays random addition problems 

//Allows the user to enter the answer and then 

//displays a message that indicates whether the 

//user's answer is correct or incorrect 

//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <ctime> - 

using namespace std; 

int main() 

{ 

//declare variables 
int numl = 0; 

int num2 = 0; 

int correctAnswer = 0; 

int userAnswer = 0; 

//initialize rand function 
srand(static_cast<i nt>(time(0))) ; 


for (int x = 1; x < 6; x += 1) 

{ 

//generate two random integers 
//from 1 through 10, then 
//calculate the sum 
numl = 1 + rand() % (10 - 1+1); 
num2 = 1 + rand() % (10 - 1+1); 
correctAnswer = numl + num2; 

//display addition problem and get user's answer 
cout « "What is the sum of " « numl 
« " + " « num2 « "? "; 
cin » userAnswer; 

//detemine whether user's answer is correct 
if (userAnswer == correctAnswer) 
cout « "Correct!"; 

el se 

cout « "Sorry, the correct answer is " 

« correctAnswer « 

//end if 

cout « endl « endl; 

} //end for 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development 
tool may not require 
this statement 


uses the 
rand function 


uses the srand 
and time functions 


required for the 
time function 


Figure 9-11 Random addition problems program 
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Figure 9-12 Sample run of the random addition problems program 


The answers to 

Mini-Qlliz 9-1 Mini-Quiz ques- 

m tions are located 

1. Which of the following will return the square root of the number 16? in Appendix A. 

a. pow(16.0, 2) 

b. sqrt(16.0) 

c. sqrt(16.0, .5) 

d. both a and b 

2. Which of the following expressions will generate a random integer 
from 25 through 50, inclusive? 

a. 1 + rand() % (50 - 25 + 1) 

b. 50 + rand() % (50 - 25 + 1) 

c. 25 + rand() % (50 - 25 + 1) 

d. 25 + rand() % (50 - 25 - 1) 

3. Which of the following functions initializes the random number gen¬ 
erator in C++? 

a. initialize() 

b. startRand() 

c. rand(time(0)) 

d. none of the above 
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4. Which of the following directives is necessary for a program to use 
the C++ ti me function? 

a. #include <ctime> 

b. #include <stime> 

c. #include <time> 

d. none of the above 


Recall that a 
value-returning 
function can 
return only one 
value at a time. 


Creating Program-Defined Value-Returning 
Functions 

In addition to using the value-returning functions built into the C++ 
language, you also can create your own value-returning functions. As 
mentioned earlier, such functions are referred to as program-defined value¬ 
returning functions, because the function definitions are contained in the 
program itself rather than in a different file. You already know how to create 
one program-defined value-returning function: mai n. In this section, you will 
learn how to create other program-defined value-returning functions. The 
first one you will create is for the random addition problems program from 
the previous section. Because that program is short and simple, it’s perfectly 
acceptable to have the mai n function perform all of the program’s tasks, as it 
does now. However, when coding large and complex programs, programmers 
typically divide the program into small and manageable tasks and then assign 
some of the tasks to program-defined functions. Assigning tasks to program- 
defined functions makes the program easier to code, because it allows the 
programmer to concentrate on coding one small piece of the program at a 
time. It also allows more than one programmer to work on a program at the 
same time. In this case, you will remove the task of generating the random 
numbers from the mai n function and assign that responsibility to a program- 
defined value-returning function instead. Figure 9-13 shows the modified 
IPO chart for the mai n function. The changes made to the function’s original 
IPO chart, shown earlier in Figure 9-6, are shaded in Figure 9-13. The fig¬ 
ure also shows the IPO chart for a program-defined value-returning func¬ 
tion named getRandomNumber. When invoked by a statement in the mai n 
function, the getRandomNumber function will generate a random number 
from one through 10 and then return the random number to the statement 
that called it. The mai n function will need to call the getRandomNumber 
function twice, because the program needs two random numbers and the 
getRandomNumber function can return only one random number at a time. 
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mai n function 

Input Processing Output 

user's, answer Processing Items: addition problem 

first random number (l to 1 o) message 

second random number (ito 1 o) 
counter (l to 5“) 
correct answer 


Algorithm: 

1 . initialise the random number generator 

2. repeat for (counter from l to A) 




call the getfzandomNumber function 
to generate the first random number 

two calls to the 


getRandomNumber 



function 



call the getizandomNumber function 



to generate the second random numbe 


calculate the correct answer by addling 
together the first random number and 
second random number 


display the addltlois problem. 

eioterthe laser's answer 

if (user's answer matches correct answer) 
display "Correct!" message 
else 

display "Sorry, the answer Is" message 
followed by the correct answer and a period 
end if 

display two blank, lines 
end repeat 

getRandomNumber function 
Input Processing Output 

none Processing Items: none random number (lto 1 o) 

Algorithm: 

1. generate a random number 

2. return the random number 


returns only one random 
number at a time 



Figure 9-13 IPO charts for the modified random addition problems program 

Figure 9-14 shows the syntax used to create (or define) a value-re- 
turning function in a C++ program. The figure also shows examples of 
program-defined value-returning functions. The getRandomNumber 
function in Example 1 returns a random integer from one through 10. The 
getRectangl eArea function in Example 2 calculates and returns the area of 
a rectangle, using the values stored in the 1 en and wi d variables. The values 
for the 1 en and wi d variables will be passed to the function by the statement 
from which it is called. The function returns the area as a doubl e number. 
The getBonus function in Example 3 uses the values passed to it to calculate 
the amount of a salesperson’s bonus, which the function returns as a doubl e 
number. For now, don’t be concerned if you don’t fully understand the exam¬ 
ples. They will become clearer to you as you progress through the chapter. 
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You can define a 
default value for 
s one or more of a 
function’s formal 
parameters. This 
topic is covered in Com¬ 
puter Exercise 25. 


HOW TO Create a Program-Defined Value-Returning Function 
Syntax 


returnDataType functionName([parameterList]) function header 

{ 

one or more statements function body 

return expression; 

' //end of functionName function 


Example 1 

int getRandomNumberO 

{ 

int randlnteger = 0; 

randlnteger = 1 + rand() % (10 - 1+1); 
return randlnteger; 

^ //end of getRandomNumber function 


function definition 


The function generates a random integer from one through 10 and then 
returns the random integer. 


Example 2 

double getRectangleArea(double len, double wid) 

{ 

return len * wid; 

} //end of getRectangleArea function 

The function calculates the area of a rectangle and then returns the result 

as a double number. 


Example 3 

double getBonus(int sold, double bonusRate) 

{ 

double bonus = 0.0; 


bonus = sold * bonusRate; 
return bonus; 

} //end of getBonus function 

The function calculates the amount of a salesperson’s bonus and then 

returns the result as a double number. 


Figure 9-14 Flow to create a program-defined value-returning function 


The most com¬ 
monly used data 
= types are listed in 
Figure 3-5 in 
Chapter 3. The 
rules for naming 
variables are listed in 
Figure 3-2 in Chapter 3. 


As Figure 9-14 indicates, a function definition is composed of a function 
header and a function body. The function header (the first line in a func¬ 
tion definition) for a value-returning function begins with returnDataType, 
which indicates the data type of the value the function returns. The 
getRandomNumber function in Figure 9-14 returns an integer; therefore, its 
returnDataType is i nt. The getRectangl eArea and getBonus functions, 
on the other hand, return a doubl e number and have a returnDataType of 
doubl e. The function header also specifies the name of the function. The 
rules for naming functions are the same as for naming variables. However, it 
is a common practice to begin a function’s name with a verb. To make your 
programs more self-documenting and easier to understand, you should use 
meaningful names that describe the task the function performs. In the exam¬ 
ples in Figure 9-14, the names getRandomNumber, getRectangl eArea, 
and getBonus indicate that the functions return a random number, the 
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area of a rectangle, and a bonus amount, respectively. The function header 
also contains an optional parameterList enclosed in parentheses. Keep in 
mind that only the parameterList is optional; the parentheses are a required 
part of the syntax. The parameterList contains the data type and name 
of one or more memory locations. The memory locations in a function’s 
parameterList are called formal parameters. Each formal parameter will 
store an item of information that is passed to the function when the function 
is called. In Example 1 in Figure 9-14, the empty set of parentheses in the 
function header indicates that the getRandomNumber function will not be 
passed any information by the statement that calls it. The function header in 
Example 2, however, contains two formal parameters and indicates that the 
getRectangleArea function will be passed two items of information when 
it is invoked. Both items will have the doubl e data type. The getBonus 
function in Example 3 will receive an i nt item followed by a doubl e 
item from the statement that invokes it. You will learn more about the 
parameterList later in the chapter and also in Chapter 10. 

In addition to the function header, a function definition also contains a func¬ 
tion body. The function body contains the instructions for performing the 
function’s assigned task. The function body begins with the opening brace ({) 
and ends with the closing brace (}). In most cases, the last statement in the 
function body of a value-returning function is return expression ;, in which 
expression represents the function’s one and only return value. The data 
type of the expression must agree with the returnDataType specified in the 
function header. The return statement returns the expression’s value to the 
statement that called the function. After the return statement is processed, 
the function ends and program execution continues in the calling function. 
Although not a requirement, it is a good programming practice to use a com¬ 
ment (such as //end of getRandomNumber function) to mark the end 
of a program-defined function. The comment will make your program easier 
to read and understand. 


Rather than using 
an empty set of 
^ parentheses 
when a function 
is not passed any 
information, some pro¬ 
grammers enter the 
keyword voi d within the 
parentheses. 



Mini-Quiz 9-2 

1. A function header contains_. 

a. the data type of the function’s return value 

b. the function’s name 

c. an optional parameterList 

d. all of the above 


Which of the following is a valid function header for the get Area 
function? The function returns a doubl e number and does not have 
any formal parameters. 

a. double getAreaf) 

b. double getArea 

c. double getAreaf) ; 

d. double getArea; 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 
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3. Write the function header for the getGrossPay function. The func¬ 
tion returns a doubl e number and has two formal parameters: an 

i nt variable named hours and a doubl e variable named rate. 

4. The getGrossPay function from Question 3 calculates and returns 
an employee’s gross pay. Write a C++ statement that returns the gross 
pay to the statement that called the function. The gross pay is stored 
in a doubl e variable named gross. 


Calling a Function 

For a function to perform its task, it must be called (or invoked). The mai n 
function in a C++ program is invoked automatically when the program is 
executed. Functions other than mai n, however, must be called by a statement 
within the program. You do this by including the function’s name and actual 
arguments (if any) in the statement, as indicated in the syntax and examples 
in Figure 9-15. The actual arguments are listed in the optional 
which appears within parentheses after the function’s name. Value-returning 
functions typically are called from statements that do one of the following: 
assign the return value to a variable, use the return value in a calculation or 
comparison, or display the return value. The cout statement in Example 1, 
for instance, calls the built-in value-returning rand function and then dis¬ 
plays the function’s return value on the computer screen. The assignment 
statement in Example 2 invokes the built-in value-returning sqrt function, 
passing it one actual argument: the doubl e number 100.0. The sqrt func¬ 
tion calculates the square root of the number 100.0 and then returns the 
answer (10.0) to the assignment statement, which assigns the answer to the 
squareRoot variable. Unlike a call to a value-returning function, a call to 
a void function is an independent statement. In other words, it’s not part of 
a statement that either assigns or displays the return value, because a void 
function does not return a value. Example 3 shows a statement that calls 
a built-in void function: s rand. Recall that you learned about the s rand 
function earlier in the chapter. The s rand (5) ; statement passes the integer 
5 to the function, which uses the integer to initialize the random number 
generator. As mentioned earlier, you will learn more about void functions in 
Chapter 10. Although the examples just cited call built-in functions, the same 
method is used to call program-defined functions. The assignment state¬ 
ment in Example 4, for instance, calls the program-defined value-returning 
getRandomNumber function shown earlier in Figure 9-14. The function 
generates a random integer from one through 10 and then returns the inte¬ 
ger to the assignment statement, which assigns it to the numl variable. The 
function calls in the remaining two examples in Figure 9-15 pass actual argu¬ 
ments to program-defined functions. An actual argument can be a variable, 
named constant, literal constant, or keyword; however, in most cases it will 
be a variable. Each variable you declare in a program has both a value and a 
unique address that represents the location of the variable in the computer’s 
internal memory. C++ allows you to pass either the variable’s value or its 
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address to a function. Passing a variable’s value is referred to as passing by 
value. Passing a variable’s address is referred to as passing by reference. 
Unless you specify otherwise, variables in C++ are automatically passed by 
value. For now, you do not need to concern yourself with passing by refer¬ 
ence, because all variables passed to functions in this chapter are passed by 
value. You will learn how to pass variables by reference in Chapter 10. The 
number of actual arguments passed to a function should match the number 
of formal parameters in its function header. In addition, the data type and 
position of each actual argument must agree with the data type and position 
of its corresponding formal parameter. This is because, when the function 
is called, the computer stores the value of the first actual argument in the 
function’s first formal parameter, the value of the second actual argument in 
its second formal parameter, and so on. The function call in Example 5, for 
instance, passes two doubl e numbers to the getRectangl eArea function. 
This is because the function’s header (shown earlier in Figure 9-14) contains 
two formal parameters, both of which have the doubl e data type. The func¬ 
tion uses the values stored in its formal parameters to calculate the area. It 
then returns the area to the statement that called it. In this case, it returns 
the area to the cout « getRectangl eArea(7.25 , 21.0) ; statement, 
which displays the area on the computer screen. The i f clause in Example 
6 invokes the getBonus function. The function’s header (shown earlier in 
Figure 9-14) indicates that the function is expecting to receive two values, in 
this order: an integer that represents the amount sold and a doubl e number 
that represents the bonus rate. Because of this, the function call in Example 
6 passes two actual arguments in the required data type and order: the i nt 
sal es variable first and the doubl e rate variable second. The computer 
stores the values of the actual arguments in the getBonus function’s formal 
parameters, which are named sol d and bonusRate. Notice that the names 
of the actual arguments do not have to be identical to the names of their cor¬ 
responding formal parameters. In fact, to avoid confusion, it usually is better 
to use different names for the actual arguments and formal parameters. The 
getBonus function uses the values in its formal parameters to calculate the 
salesperson’s bonus. It then returns the bonus as a doubl e number to the i f 
clause, whose condition compares the return value to the doubl e number 
999.99. The condition will evaluate to true when the return value is greater 
than 999.99. It will evaluate to false when the return value is not greater than 
999.99. In other words, it will evaluate to false when the return value is either 
less than or equal to 999.99. Keep in mind that when the computer encoun¬ 
ters a statement that calls a function, it temporarily leaves the calling func¬ 
tion to process the code contained in the called function. It returns to the 
calling function only after the called function ends. 


You can define a 
default value for 
= one or more of a 
function's formal 
parameters. This 
topic is covered in 
Computer Exercise 25. 
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HOW TO Call a Function 
Syntax 

functionNamellargumentList ]) 


Example 1 
cout « rand(); 

The cout statement calls the built-in value-returning rand function and then 
displays the function’s return value on the computer screen. 

Example 2 

double squareRoot = 0.0; 
squareRoot = sqrt(lOO.O); 

The assignment statement calls the built-in value-returning sqrt function, 
passing it the doubl e number 100.0. It then displays the function’s return 
value on the computer screen. 


a void function call is a self-contained statement 


Example 3 
srand(5); - 

The statement calls the built-in void srand function, passing it the integer 5. 
The function uses the integer to initialize the random number generator. 


Example 4 

int numl = 0; 

numl = getRandomNumberO; 

The assignment statement calls the getRandomNumber function and then 
assigns the function’s return value to the numl variable. 

Example 5 

cout « getRectangleArea(7.25, 21.0); 

The cout statement calls the getRectangl eArea function, passing it the 
double numbers 7.25 and 21.0. It then displays the function’s return value 
on the computer screen. 

Example 6 
int sales = 0; 
double rate = 0.0; 
cin » sales; 
cin » rate; 

if CgetBonus(sales, rate) > 999.99) 

The i f clause calls the getBonus function, passing it the integer stored in 
the sales variable and the double number stored in the rate variable. It 
then compares the function’s return value to the double number 999.99. 


Figure 9-15 Flow to call a function 

Now that you know how to both create and call a program-defined value¬ 
returning function, you can code the mai n and getRandomNumber func¬ 
tions. Figure 9-16 shows the IPO chart information and C++ instructions for 
both functions. The statements that call the getRandomNumber function are 
shaded in the figure. 
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main function 

IPO chart information 

C++ instructions 

Input 

user's answer 

int userAnswer = 0; 

Processing 

first randan*, number (it o 1 o) 

int numl = 0; 

second random, number (lto 1 o) 

int num2 = 0; 

counter (l to 5 ) 

this variable Is created and 

Initialized In the for clause 

correct answer 

int correctAnswer = 0; 

Output 

addition •problem. 

this contains string literal constants 
and the numl and num2 variables 

message 

this Is one of two messages composed 
of either a string literal constant 
or string literal constants and the 
correctAnswer variable 

Algorithm 

1 initialize the random, number 

srand(static_cast<int>(time(0))) ; 

generator 

2. repeat for (counter from l to 5“) 

for (int x = 1; x < 6; x += 1) 

{ 

numl = getRandomNumberQ; 

call the getRaiA.otomNu.mber 

function to generate the first 
random number 

call the getiRaiA.otomNu.mber 

num2 = getRandomNumberQ; 

functionto generate the 
second random number 

calculate the correct answer 

correctAnswer = numl + num2; 

by aototliA-g together the first 
random number and second 
random, number 

display the addition problem 

cout « "What is the sum of " 

« numl « " + " « num2 « "? 

enter the user's answer 

cin » userAnswer; 

If (user's answer matches 

if (userAnswer == correctAnswer) 

correct answer) 

display "Correct!" message 

cout « "Correct ! " ; 

else 

el se 

display "Sorry, the 

cout « "Sorry, the correct 

answer Is" message 

answer is " « correctAnswer 

followed by the correct 

« 

answer and a -period 

If 

//end if 

display two blank, lines 

cout « endl « end! ; 

end repeat 

} //end for 



Figure 9-16 IPO chart information and C++ instructions for the modified random addition 
problems program (continues) 
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The IPO charts 
for the mai n and 
= getRandom- 
Number func¬ 
tions are shown 
earlier in Figure 9-13. 


function 


IPO chart information 

Input 

C++ instructions 

Processing 


OutDUt 

int randlnteger = 0; 

Algorithm 

randlnteger = 1 + randO 
% (10 - 1 + 1); 
return randlnteger; 


Figure 9-16 IPO chart information and C++ instructions for the modified random addition 
problems program 

Function Prototypes 

Most C++ programmers enter the function definitions below the mai n 
function in a program. When a function definition appears below the mai n 
function, you must enter a function prototype the mai n function; 
otherwise, the compiler won’t recognize the function’s name when it is used 
in the mai n function. A function prototype is a statement that specifies the 
function’s name, the data type of its return value, and the data type of each 
of its formal parameters (if any). You also can include the name of each of 
the formal parameters; however, that is not a requirement. A program will 
have one function prototype for each function defined below the mai n 
function. You usually place the function prototypes at the beginning of the 
program, after the #i ncl ude directives and usi ng namespace std; 
statement. A function prototype alerts the C++ compiler that the function 
will be defined later in the program. The function prototypes in a program 
are similar to the table of contents in a book. As does each entry in a table 
of contents, each prototype is simply a preview of what will be expanded on 
later in the program (or in the book). Keep in mind that a function prototype 
is necessary only when the function is defined the mai n function in 
the program. It is not needed for a function whose definition appears 
the mai n function. In this book, the function definitions will be entered 
below the mai n function, because that is the format used by most C++ 
programmers. This means that each program-defined function will need a 
corresponding function prototype above the mai n function. 

Figure 9-17 shows a function prototype’s syntax, which is almost identical 
to a function header’s syntax. However, unlike a function header, a function 
prototype ends with a semicolon. Also included in Figure 9-17 are function 
prototypes for the functions defined earlier in Figure 9-14. As Examples 2 
and 3 indicate, it is not necessary to include the names of the formal parame¬ 
ters in a function prototype. However, many programmers include the names 
to make the program easier to read and understand. Some also include the 
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names for convenience, because it makes entering the function prototype an 
easy task. AH you need to do is copy the function’s header, then paste it in the 
function prototype section of the program, and then type a semicolon at the 
end of it. 


HOW TO Write a Function Prototype 
Syntax 

returnDataType functionName([parameterList ]); semicolon 

Example 1 

int getRandomNumberO ; 


each formal parameter's 
data type and (optionally) 
name 


Example 2 


double getRectangleArea(double len, double wid); 


or 

i- 

double getRectangleArea(double, 


only the data type 
of each formal 
parameter is required 

double); 


Example 3 

double getBonus(int sold, double bonusRate); 


or 

double getBonus(int, double); 

Figure 9-17 Flow to write a function prototype 



Figure 9-18 shows the complete code for the modified random numbers 
addition program. Changes made to the original program’s code (shown 
earlier in Figure 9-11) are shaded in the figure. The program contains a 
function prototype on Line 13. The prototype alerts the computer that the 
getRandomNumber function is defined somewhere below the mai n func¬ 
tion in the program. As indicated in the figure, the function definition 
appears on Lines 55 through 61. Some programmers use a comment (such 
as //*****f unction defini tions*****) to separate the function 
definitions from the mai n function, as shown on Line 54; however, this is 
not a requirement. The statements that call the getRandomNumber func¬ 
tion are on Lines 31 and 32. When the computer processes the numl = 
getRandomNumber () ; statement, it temporarily leaves the mai n function 
to process the getRandomNumber function’s code. The function header is 
processed first and simply marks the beginning of the function. The state¬ 
ments in the function body are processed next. The first statement creates 
and initializes the randlnteger variable. The second statement generates 
a random integer from one through 10 and then assigns the random integer 
to the variable. The third (and last) statement returns the value stored in 
the randlnteger variable to the statement that called the function. In this 
case, it returns the value to the numl = getRandomNumber (); statement, 
which assigns the value to the numl variable. After the return statement 
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is processed, the getRandomNumber function ends and the computer 
removes the randlnteger variable from its internal memory. Processing 
continues with the statement that called the getRandomNumber function. 
The same procedure is followed when the computer processes the num2 = 
getRandomNumber () ; statement, except the getRandomNumber function’s 
return value is assigned to the num2 variable. 
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29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


//Modified Random Addition.cpp 
//Displays random addition problems 
//Allows the user to enter the answer and then 
//displays a message that indicates whether the 
//user's answer is correct or incorrect 
//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <ctime> 
using namespace std; 

//function prototype 
int getRandomNumberQ; 


int main() 

{ 

//declare variables 
int numl = 0 

int num2 = 0 

int correctAnswer = 0 

int userAnswer = 0 


function 

prototype 


//initialize rand function 
srandfstatic_cast<int>(time(0))); 


for 

{ 


(int x = 1; x < 6; x += 1) 


//generate two random integers 

//from 1 through 10, then 

//calculate the sum 

numl = getRandomNumberO; 

num2 = getRandomNumberO; 

correctAnswer = numl + num2; function calls 


//display addition problem and get user's answer 
cout « "What is the sum of " « numl 
« " + " « num2 « "? 
cin » userAnswer; 


//detemine whether user's answer is correct 
if (userAnswer == correctAnswer) 
cout « "Correct!"; 


Figure 9-18 Modified random addition problems program (continues) 
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(continued) 


43 

44 

45 

46 

47 

48 

49 

50 

51 


} 


el se 

cout « "Sorry, the correct answer is " 
« correctAnswer « 

//end if 

cout « endl « endl; 

//end for 


systemC'pause"); 
return 0; 


your C++ development 
tool may not require this 
statement 


52 } //end of main function 

53 

54 //*****function definitions***** 

55 int getRandomNumber() - 

56 | 

57 

58 

59 

60 


int randlnteger = 0; 

//generate random integer from 1 through 10 
randlnteger = 1 + rand() % (10 -1+1); 


return randlnteger; 

61 } //end of getRandomNumber function 


function 

definition 


333 


Figure 9-18 Modified random addition problems program 


The Plano Elementary School Program 

The principal of Plano Elementary School would like to use the random addi¬ 
tion problems program that you completed in the previous section. However, 
she wants the ability to specify the range of random numbers that appear 
each time the program is run. This will require you to make a few modifica¬ 
tions to the program shown in Figure 9-18. More specifically, you will modify 
the program to allow the user to enter the smallest and largest integer in the 
desired range. You then will have the two function calls in the program send 
that information to the getRandomNumber function. Figure 9-19 shows the 
Plano Elementary School program. The changes made to the code shown in 
Figure 9-18 are shaded in Figure 9-19. The Plano Elementary School program 
provides an example of code reuse. It also demonstrates how you can use 
functions to improve programming productivity by splitting larger problems 
into a series of smaller problems. Each small problem can be assigned to a 
member of the programming team. In this case, for example, you can code 
the mai n function while your friend Sam codes the getRandomNumber 
function. By splitting the work in this manner, you won’t need to worry about 
the code for generating the random numbers. Whenever the mai n func¬ 
tion needs a random number, you can simply call Sam’s function to get one. 
Actually, you can use Sam’s function in any program that requires a random 
integer within a specific range; you just need to enter the function definition 
in the program. (Depending on where you enter the function definition, you 
also may need the function prototype.) Sam also will be using another pro¬ 
grammer’s code in his getRandomNumber function. More specifically, he’ll 
be using the C++ built-in rand function. Figure 9-20 shows a sample run of 
the Plano Elementary School program. 
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passes the smallest and 
largest integers to the 
getRandomNumber 
function 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 


//Plano Elementary. CPff 

//Displays random addition problems 

//Allows the user to enter the answer and then 

//displays a message that indicates whether the 

//user's answer is correct or incorrect 

//Created/revised by <your name> on <current date> 


#include <iostream> 
#include <ctime> 
using namespace std; 


the names are 
not required 


I 


24 

25 

26 
27 


33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 


//function prototype _ 

int getRandomNumber(int lower, int upper); 

int main() 

{ 

//declare variables 


18 

int 

smal1est 

= 0; 

19 

int 

1argest 

= 0; 

20 

int 

numl 

= 0; 

21 

int 

num2 

= 0; 

22 

int 

correctAnswer 

= 0; 

23 

int 

userAnswer 

= 0; 


//initialize rand function 
srand(static_cast<int>(time(0))); 


28 

cout 

« "Smallest integer: "; 

29 

ci n 

» smallest; 

30 

cout 

« "Largest integer: "; 

31 

ci n 

» largest; 

32 

cout 

« endl; 


gets the smallest 
and largest integers 
in the range 


for 

{ 


(int x = 1; x < 6; x += 1) 

//generate two random integers 
//from smallest through largest, then 
//calculate the sum 

numl = getRandomNumber(smallest, largest); 
num2 = getRandomNumber(smallest, largest); 
correctAnswer = numl + num2; 

//display addition problem and get user's answer 


cout « "What is the sum of " 
« " + " « num2 « "? 
cin » userAnswer; 


« numl 


//detemine whether user's answer is correct 
if (userAnswer == correctAnswer) 
cout « "Correct!"; 

el se 

cout « "Sorry, the correct answer is " 
« correctAnswer « 

//end if 


Figure 9-19 Plano Elementary School program (continues) 
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(continued) 


55 


cout « end! « endl; 


56 


} //end for 



57 



your C++ development 


58 


system("pause"); - 

tool may not require 


59 


return 0; 

this statement 


60 

} 

//end of main function 



61 





62 

//•' 

r****f unc ti on defini tions** 

V * * 

smallest and largest 

63 

int getRandomNumber(int lower, int upper) - 

integers from each 

64 

{ 



function call on 

65 


int randlnteger = 0; 


Lines 39 and 40 

66 


//generate random integer 

from lower through upper 

67 


randlnteger = lower + randQ % (upper - lower + 1); 

68 


return randlnteger; 



69 

> 

//end of getRandomNumber function 




Figure 9-19 Plano Elementary School program 



Figure 9-20 Sample run of the Plano Elementary School program 
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The answers to 

Mini-Quiz ques- Mini-Quiz 9-3 

tions are located 

in Appendix A. 1. The getArea function returns a doubl e number and has no formal 

parameters. Which of the following calls the getArea function and 
assigns its return value to a doubl e variable named area? 

a. area = getArea 

b. area = getAreaf) ; 

c. area = getArea(doubl e) ; 

d. getArea(area) ; 


2. Which of the following is a valid function prototype for the getArea 
function from Question 1? 

a. double getAreaf) 

b. double getArea 

c. double getAreaf) ; 

d. double getArea; 


3. Write a C++ statement that will display the value returned by the 
getArea function from Question 1. 


4. Write a function prototype for the getGrossPay function. The func¬ 
tion returns a doubl e number and has two formal parameters: an 
i nt variable named hours and a doubl e variable named rate. 


5. Write a statement that invokes the getGrossPay function from 
Question 4. The statement should pass the function the integer 40 
and the value stored in a doubl e variable named payRate. The state¬ 
ment should assign the function’s return value to a doubl e variable 
named weekGross. 


The Area Calculator Program 

Figure 9-21 shows the problem specification and IPO chart for the area cal¬ 
culator program, and Figure 9-22 shows the program’s code. (The flowchart 
for this program is contained in the Ch9Flowcharts.pdf file, which is located 
in the Cpp6\Chap09 folder.) The program uses a program-defined value¬ 
returning function to calculate the area of a rectangle, given the rectangle’s 
length and width measurements. The program displays the area on the com¬ 
puter screen. Figure 9-23 shows a sample run of the program. 










The Area Calculator Program 


Problem specification 

Create a program that allows the user to enter a rectangle’s length and width 
(in feet). The program should calculate and display the rectangle’s area in 
square feet. 

main function 

Input Processing Output 

length (feet) Processlwg Items.: wowe ana (square feet) 

width (feet) 

Algorithm.: 

1. ewterthe length c?wd width 

2. call the getttectawgleArea fu.wc.tlow to 
calculate the area-, pass the lewgth a wd width 

3. display the area 

qetRectanql eArea function 

Input Processing Output 

lewgth (feet) Processlwg Items: wowe area (square feet) 

width (feet) 

Algorithm.: 

l. returw the area, which Is the result of 
m.ultlplylwg the lewgth by the width 



Figure 9-21 Problem specification and IPO charts for the area calculator program 
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//Area Calculator.cpp - displays the area of a rectangle 
//Created/revised by <your name> on <current date> 


#inc1ude <iostream> 
using namespace std; 


the names are not required 


//function prototype |-- 1 

double getRectangleArea(double Ten, double wid); 


int main() 

{ 

double length = 0.0 
double width = 0.0 
double area = 0.0 


} 


cout « "Rectangle length (in feet): 
cin » length; 

cout « "Rectangle width (in feet): 
ci n » width; 

area = getRectangleArea(length, width); — 
cout « "Area: " « area « " square feet" 


function call 


« endl; 


system("pause"); - 

return 0; 

//end of main function 


your C++ development tool may 
not require this statement 


//*****function definitions***** 
double getRectangleArea(double len, 
{ 


double wid) — function header 


return len * wid; 

} //end of getRectangleArea function 


Figure 9-22 Area calculator program 
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Rectangle length (in feet): 7.0 

Rectangle width (in feet): 10.0 

Area: 70 square feet 

Press any key to continue . . . _ 


Area Calculator Program 



| 338 



Figure 9-23 Sample run of the area calculator program 

You will desk-check the area calculator program in Figure 9-22 using the 
doubl e numbers 7.0 and 10.0 as the rectangle’s length and width, respec¬ 
tively. Desk-checking the program will help you understand how the com¬ 
puter processes a program-defined value-returning function when it is 
invoked. The statements on Lines 12 through 14 in the program create and 
initialize three doubl e variables named 1 ength, wi dth, and area. The 
statements on Lines 16 through 19 prompt the user to enter the length and 
width of the rectangle and then store the user’s responses in the length and 
wi dth variables, respectively. Figure 9-24 shows the desk-check table after 
the statements are processed. 



mai n function’s variables 









length width area 

o^o o.o 

J-.O 1 0.0 


Figure 9-24 Desk-check table after the statements on Lines 12 through 19 are processed 

The assignment statement on Line 21 calls the getRectangl eArea func¬ 
tion, passing it two actual arguments: the doubl e 1 ength variable and the 
doubl e wi dth variable. Recall that unless specified otherwise, variables in 
C++ are passed by value, which means that only the contents of the variables 
are passed to the function. In this case, the computer passes the numbers 7.0 
and 10.0 to the getRectangl eArea function. At this point, the computer 
temporarily leaves the mai n function to process the getRectangl eArea 
function’s code, beginning with the function header on Line 29 in the pro¬ 
gram. The function header contains two formal parameters. The formal 
parameters tell the computer to reserve two memory locations: a doubl e 
variable named 1 en and a doubl e variable named wi d. After reserving the 
1 en and wi d variables, the computer stores the values passed to the func¬ 
tion—in this case, the numbers 7.0 and 10.0 —in the variables. Figure 9-25 
shows the desk-check table after the getRectangl eArea function header 
is processed. 






















The Area Calculator Program 




Figure 9-25 Desk-check table after the getRectangl eArea function header 
is processed 

Next, the computer processes the return 1 en * wi d ; statement on Line 
31 in the getRectangl eArea function. The statement multiplies the 1 en 
variable’s value by the wi d variable’s value and then returns the result to 
the statement that called the getRectangl eArea function. In this case, it 
returns the doubl e number 70.0 to the assignment statement on Line 21 in 
the mai n function. The statement assigns the doubl e number to the area 
variable. After the getRectangl eArea function’s return statement is 
processed, the function ends and the computer removes the 1 en and wi d 
variables from its internal memory. Figure 9-26 shows the desk-check table at 
this point in the program. Notice that only the mai n function’s variables are 
still in the computer’s internal memory. 



Figure 9-26 Desk-check table after the getRectangl eArea function ends 

Next, the computer processes the cout statement on Line 22. The state¬ 
ment displays the contents of the area variable on the screen. The com¬ 
puter processes the system("pause") ; and return 0; statements next. 
The system("pause") ; statement pauses program execution, and the 
return 0; statement returns the number 0 to the operating system to indi¬ 
cate that the program ended normally. After the return 0; statement is 
processed, the mai n function ends and the computer removes the 1 ength, 
wi dth, and area variables from its internal memory. At this point, you may 
be wondering why the program needs to pass the contents of the length 
and wi dth variables to the getRectangl eArea function. Why can’t the 
function just use both variables in its return statement, like this: return 
length * wi dth ;? You also may be wondering why the computer removes 
the 1 en and wi d variables from memory after the getRectangl eArea 
function ends, but waits until the mai n function ends before it removes the 
1 ength, wi dth, and area variables. Why are the variables removed from 
memory at different times? To answer these questions, you will need to learn 
about the scope and lifetime of a variable. The scope and lifetime of a variable 
are the last topics covered in this chapter. 
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You can experi¬ 
ment with the 
= concepts of 
scope and 
lifetime by 

completing Computer 
Exercise 19 at the end 
of the chapter. 


The Scope and Lifetime of a Variable 

A variable’s scope indicates where in the program the variable can be used, 
and its lifetime indicates how long the variable remains in the computer’s 
internal memory. Although variables can have either local or global scope, 
most of the variables used in a program will have local scope. This is because 
fewer unintentional errors occur in programs when the variables are declared 
using the minimum scope needed, which usually is local scope. A variable’s 
scope and lifetime are determined by where you declare the variable in the 
program. Variables declared within a function, and those that appear in a 
function’s , have a local scope and are referred to as local vari¬ 

ables. Local variables can be used only by the function in which they are 
declared or in whose they appear. Local variables remain in 

the computer’s internal memory until the function ends, which is when the 
computer encounters the function’s closing brace. Unlike local variables, 
global variables are declared outside of any function in the program, and 
they remain in memory until the program ends. Also unlike a local variable, 
any statement in the program can use a global variable. Declaring a variable 
as global rather than local allows unintentional errors to occur when a func¬ 
tion that should not have access to the variable inadvertently changes the 
variable’s contents. Because of this, you should avoid using global variables in 
your programs. If more than one function needs access to the same variable, 
it is better to create a local variable in one of the functions and then pass that 
variable to the other functions that need it. 

In the area calculator program shown earlier in Figure 9-22, the length, 
wi dth, and area variables are declared on Lines 12 through 14 in the mai n 
function. As a result, the variables are local to the mai n function and can 
be used only by statements below Line 14 within the mai n function. The 
getRectangl eArea function is not even aware of the existence of these 
variables in memory. If you want the getRectangl eArea function to use 
the values stored in the 1 ength and wi dth variables, you will need to pass 
each variable’s value to the function. The 1 en and wi d variables, on the other 
hand, are local to the getRectangl eArea function because they appear 
in the function’s . Therefore, only the statements within the 

getRectangl eArea function can use the 1 en and wi d variables. As men¬ 
tioned earlier, local variables remain in the computer’s internal memory until 
the function in which they are created ends. This explains why the 1 en and 
wi d variables are removed from memory after the getRectangl eArea func¬ 
tion ends. It also explains why the computer waits until the mai n function ends 
before it removes the 1 ength, wi dth, and area variables from memory. Now 
that you understand the concepts of scope and lifetime, you will view and desk- 
check a program that uses two program-defined value-returning functions. 


The Bonus Calculator Program 

Figure 9-27 shows the problem specification for the bonus calculator pro¬ 
gram. The program calculates and displays a salesperson’s bonus, which is 
5% of his or her sales. Figure 9-27 also shows the IPO chart information and 
C++ instructions for the mai n function, which calls two program-defined 
value-returning functions named getSal es and getBonus. The IPO charts 
and C++ instructions for these functions are shown in Figures 9-28 and 9-29. 
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Problem specification 

Create a program that allows the user to enter the amount of a salesperson’s 
sales. The program should calculate a 5% bonus and then display the bonus on 
the computer screen. 


main function 

IPO chart information 

Input 

sales 

befits rate (sfo) 


Processing 

\A-OM 


C++ instructions 

int sales = 0; 

the fu-iA-otton will pass 
the literal constant .05 
to the gef&owus fuwctiow 


Output 

bowus 


double bonus = 0.0; 


Algorithm 

1. eall the getsales fix^etloiA. to get the sales sales = getSalesQ; 

2. call the gef&owus-fuMtiow to calculate bonus = getBonus(sales, .05); 
the boio-us; pass the fuwctiow the sales 

aiA.pl the bor\,us rate of .05 

3. ollspLay the boiA.u.s cout « "Bonus: $ " « 

bonus « endl; 



Figure 9-27 Problem specification, IPO chart information, and C++ code for the mai n 
function 


aetSal es function 

IPO chart information 

C++ instructions 

Input 


sales 

int salesAmt = 0; 

Processing 


\ADl 


Output 


sales 


Algorithm 

l. eiA,terthe sales 

cout « "Enter sales: "; 
cin » salesAmt; 

2. return the sales 

return salesAmt; 


Figure 9-28 IPO chart information and C++ code for the getSal es function 
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(continued) 


aetBonus function 


IPO chart information 

C++ instructions 

Input 


soles (form.olpflram.eter) 

int sold 

bou,u.s rate (form.olporam.eter) 

double bonusRate 

Processing 


lAOIA-t 


Output 


boi/vus 

double bonusAmt = 0.0; 

Algorithm 


l. eoloulflte the boi+us by 

bonusAmt = sold * bonusRate; 

m.ultlplyliA,g the soles 


by the borvus rote 


2. return the boruxs 

return bonusAmt; 



Figure 9-29 IPO chart information and C++ code for the getBonus function 

The C++ code for the entire program is shown in Figure 9-30. The func¬ 
tion calls appear on Lines 19 and 20 in the mai n function and are shaded in 
the figure. The function definitions are located below the mai n function, on 
Lines 31 through 44. The function prototypes are located above the mai n 
function, on Lines 9 and 10. Figure 9-31 shows a sample run of the bonus 
calculator program. 


1 //Bonus Calculator.cpp - displays the amount of a bonus 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 //function prototypes 

9 int getSalesO; 

10 double getBonusfint sold, double bonusRate); 

11 

12 int mainO 

13 { 

14 int sales = 0; 

15 double bonus = 0.0; 

16 

17 //call functions to get the sales and 

18 //calculate the bonus 

19 sales = getSalesO; 

20 bonus = getBonusfsales, .05); 

21 

22 //display the bonus 

23 cout « fixed « setprecision(2) ; 


Figure 9-30 Bonus calculator program (continues) 
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24 cout « "Bonus: $ " « bonus « endl; 

25 

26 system("pause"); - 

27 return 0; 

28 } //end of main function 

29 

30 //*****f unction definitions***** 

31 int getSalesO 

32 { 

33 int salesAmt = 0; 

34 cout « "Enter sales: 

35 cin » salesAmt; 

36 return salesAmt; 

37 } //end of getSales function 

38 

39 double getBonus(int sold, double bonusRate) 

40 { 

41 double bonus = 0.0; 

42 bonus = sold * bonusRate; 

43 return bonus; 

44 } //end of getBonus function 


your C++ development 
tool may not require this 
statement 



Figure 9-30 Bonus calculator program 



Figure 9-31 Sample run of the bonus calculator program 

You will desk-check the program shown in Figure 9-30 using 1575 as the 
sales amount. The statements on Lines 14 and 15 create and initialize an i nt 
variable named sal es and a doubl e variable named bonus. Both variables 
are local to the mai n function, which means they can be used only within 
that function. Both variables will remain in the computer’s internal memory 
until the mai n function ends. Figure 9-32 shows the desk-check table after 
the variable declaration statements on Lines 14 and 15 are processed. 


mai n function's variables 


sates homes 

o o.o 


Figure 9-32 Desk-check table after the variable declaration statements on Lines 14 
and 15 are processed 
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When the computer encounters the sal es = getSal es () ; statement on 
Line 19, it temporarily leaves the mai n function to process the getSal es 
function’s code, beginning with the function header on Line 31. The function 
header does not contain any formal parameters, which indicates that the func¬ 
tion will not receive any information when it is called. The first statement in 
the getSal es function body creates and initializes an i nt variable named 
sal esAmt. The variable is local to the getSal es function, which means it can 
be used only within that function. The sal esAmt variable will remain in the 
computer’s internal memory until the getSal es function ends. The next two 
statements in the getSal es function prompt the user to enter a sales amount 
and then store the user’s response—in this case, 1575 —in the sal esAmt vari¬ 
able. Figure 9-33 shows the sales amount entered in the desk-check table. 



Figure 9-33 Desk-check table after the sales amount is entered 

Next, the computer processes the getSal es function’s return statement, 
which returns the sal esAmt variable’s value to the statement that called the 
function. In this case, it returns the value to the assignment statement on 
Line 19 in the mai n function. The statement assigns the return value to the 
sales variable, as shown in Figure 9-34. 



Figure 9-34 Desk-check table after the sales amount is returned to the mai n function 

After its return statement is processed, the getSal es function ends and 
the computer removes the sal esAmt variable from memory. Figure 9-35 
shows the desk-check table after the getSal es function ends. Only the 
mai n function’s variables are still in memory. 



Figure 9-35 Desk-check table after the getSal es function ends 
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Next, the computer processes the bonus = getBonus(sales, .05); 
statement on Line 20 in the mai n function. The statement calls the 
getBonus function, passing it two actual arguments. Here again, the com¬ 
puter temporarily leaves the mai n function. However, in this case, it does so 
to process the code in the getBonus function, beginning with the function 
header. The two formal parameters in the parameterList tell the computer 
to create two variables: an i nt variable named sold and a double vari¬ 
able named bonusRate. The variables are local to the getBonus function 
and can be used only within that function. The computer stores the first 
value passed to the function in the function’s first formal parameter, and it 
stores the second value passed to the function in the function’s second for¬ 
mal parameter. In this case, it stores the sal es variable’s value in the sol d 
variable and the numeric literal constant .05 in the bonusRate variable, as 
shown in Figure 9-36. 




Figure 9-36 Desk-check table after the getBonus function header is processed 

The first statement in the getBonus function declares an additional local 
variable: a doubl e variable named bonus. The second statement multiplies 
the contents of the sol d variable by the contents of the bonusRate variable 
and assigns the result (78.75) to the bonus variable, as shown in the desk- 
check table in Figure 9-37. The desk-check table indicates that two locations 
in the computer’s memory have the same name: bonus. When the bonus 
name appears in a statement, the computer uses the position of the statement 
in the program to determine which of the two locations to use. If the pro¬ 
gram statement appears in the mai n function, the computer uses the bonus 
variable located in the mai n function’s section in memory. However, if the 
program statement appears in the getBonus function, the computer uses the 
bonus variable located in the getBonus function’s section in memory. 



Figure 9-37 Desk-check table after the bonus is calculated 

Next, the computer processes the getBonus function’s return statement. 
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The statement returns the value stored in the function’s bonus variable to 
the statement that called the function. In this case, it returns the value to 
the assignment statement on Line 20 in the mai n function. The statement 
assigns the value it receives to the mai n function’s bonus variable. At this 
point, the getBonus function ends and the computer removes the function’s 
local variables (sol d, bonusRate, and bonus) from memory. Figure 9-38 
shows the desk-check table after the getBonus function ends. Only the 
mai n function’s variables are still in the computer’s internal memory. 



Figure 9-38 Desk-check table after the getBonus function ends 

After the getBonus function ends, the computer processes the remain¬ 
ing instructions in the mai n function. The cout statements on Lines 23 and 
24 display the bonus in fixed-point notation with two decimal places. The 
system("pause") ; statement on Line 26 pauses program execution, and 
the retu rn 0 ; statement on Line 27 returns the number 0 to the operating 
system. After the return 0 ; statement is processed, the program ends and 
the computer removes the mai n function’s variables (sal es and bonus) from 
memory. 


The answers to 

Mini-Quiz ques- Mini-Quiz 9-4 

tions are located 

in Appendix A. 1. A variable’s lifetime indicates the portions of a program that can use 

the variable. 

a. True 

b. False 

2. Unless specified otherwise, variables in C++ are passed by contents. 

a. True 

b. False 


3. The variables in a function header have local scope. 

a. True 

b. False 

4. Two functions in a program declare a variable using the same name. 
How does the computer know which variable to use? 
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AB 9-1 Stop and Analyze 


Study the program shown in Figure 9-39, and then answer the 
questions. 



The answers to 
the labs are 
located in 
Appendix A. 


1 

//Lab9-l.cpp - simulates a number guessing game 

2 

//Created/revised by <your name> on <current 

date> 

4 

#include <iostream> 




5 

#include <ctime> 




6 

7 

using namespace std; 




8 

int main() 




9 

{ 




10 

//declare variables 




11 

int randomNumber = 0; 




12 

int numberGuess = 0; 




13 





14 

//generate a random number from 1 through 

10 

15 

srand(static_cast<int>(time(0))); 



16 

randomNumber = 1 + rand() 

% (10 - 1 + 1); 



17 





18 

//get first number guess from user 



19 

cout « "Guess a number from 1 through 10: 

ii . 

i 

20 

cin » numberGuess; 




21 





22 

while (numberGuess != randomNumber) 



23 

{ 




24 

cout « "Sorry, guess again: 



25 

cin » numberGuess; 




26 

} //end while 




27 





28 

cout « endl « "Yes, the 

number is " 



29 

« randomNumber « ' 

« endl; 



30 

31 

systemCpausp"! ; 

your C++ development 
tool may not require this 



return 0; 

} //end of main function 



32 

33 

statement 






Figure 9-39 Code for Lab 9-1 

QUESTIONS 

. Why is the instruction on Line 5 necessary? 

. What is the purpose of the statement on Line 15? 

3. If the rand function on Line 16 returns the number 453, what num¬ 
ber will be assigned to the randomNumber variable? 

4. Follow the instructions for starting C++ and opening the Lab9-l.cpp 
file. The file is contained in either the Cpp6\Chap09\Lab9-l Project 
folder or the Cpp6\Chap09 folder. Run the program. Enter a number 
from 1 through 10. If you entered the correct number, the program 
displays the “Yes, the number is x" message, in which x is the number 
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you entered. If you did not enter the correct number, the program 
displays the “Sorry, guess again:” message. Continue entering num¬ 
bers until you guess the correct number. 

Modify the program so that it allows the user to make only four 
incorrect guesses. When the user has made the fourth incorrect 
guess, display the random number on the screen. Save and then run 
the program. Test the program appropriately. 

6 . Now modify the program so that it uses the getRandomNumber 
function shown in Figure 9-18 in the chapter. Save and then run the 
program. Test the program appropriately. 

7. Finally, modify the program so that it uses the getRandomNumber 
function shown in Figure 9-19. Save and then run the program. Test 
the program appropriately. 



AB 9-2 Plan and Create 


In this lab, you will plan and create an algorithm for Sydney Green. 
The problem specification along with sample calculations are 
shown in Figure 9-40. 


You can use a 
calculator or a 
^ spreadsheet pro¬ 

gram (such as 
Microsoft Excel) 
to verify the payments 
shown in Figure 9-40 and 
also to perform your own 
calculations using the 
periodic payment 
formula. 


Problem specification 

While shopping for her dream car, Sydney Green has noticed that many 
auto dealers are offering buyers a choice of either a large cash rebate or an 
extremely low financing rate, much lower than the rate Sydney would pay by 
financing the car through her local credit union. Sydney is not sure whether 
to take the lower financing rate from the dealer or take the rebate and then 
finance the car through the credit union. She wants a program that will calculate 
and display her monthly car payment using both scenarios. The formula for 
calculating a periodic payment on a loan is shown below. In the formula, 
principal is the amount of the loan, rate is the periodic interest rate, and term is 
the number of periodic payments. Also shown below are two examples that use 
the formula to calculate a periodic payment. Example 1 calculates the annual 
payment for a $9000 loan for three years at 5% interest. The annual payment 
rounded to the nearest cent is $3304.88. In other words, if you borrow $9000 
for three years at 5% interest, you would need to make three annual payments 
of $3304.88 to pay off the loan. Example 2 calculates the monthly payment 
for a $12,000 loan for five years at 6% interest. To pay off this loan, you would 
need to make 60 payments of $231.99. When calculating a monthly payment, 
you must convert the annual interest rate to a monthly interest rate; you do this 
by dividing the annual rate by 12. You also need to convert the term from years 
to months. This is accomplished by multiplying the number of years by 12. 
(When you apply for a loan, the lender typically quotes you an annual interest 
rate and expresses the term in years.) 


Figure 9-40 Problem specification and sample calculations for Lab 9-2 (continues) 
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(continued) 


Periodic Davment formula 

principal * rate / (1 - 

(rate + l)- term ) 

ExamDle 1 calculates the annual Davment for a loan of $9000 for 3 vears 

at 5% interest 


Principal: 

9000 

Annual rate: 

.05 

Term (years): 

3 

Formula: 

9000 * .05/(1 -(.05 + l)- 3 ) 

Annual payment: 

$3304.88 (rounded to the nearest cent) 

ExamDle 2 calculates the monthly Davment for a loan of $12,000 for 

5 vears at 6% interest 


Principal: 

12,000 

Monthly rate: 

.005 (annual rate of .06 divided by 12) 

Term (months): 

60 (5 years multiplied by 12) 

Formula: 

12,000 * .005/(1 -(.005 + l)- 60 ) 

Monthly payment: 

$231.99 (rounded to the nearest cent) 



Figure 9-40 Problem specification and sample calculations for Lab 9-2 


First, analyze the problem, looking for the output first and then for the input. 
In this case, Sydney wants the program to display two monthly payments: the 
payment if she finances the car through her credit union and the payment 
if she finances it through the dealer. To calculate the monthly payments, the 
computer will need to know the following information: the price of the car 
(after any trade-in), the rebate amount, the credit union’s annual interest 
rate, the dealer’s annual interest rate, and the term (in years). Next, plan the 
algorithm. Recall that most algorithms begin with an instruction to enter 
the input items into the computer, followed by instructions that process the 
input items, typically including the items in one or more calculations. Most 
algorithms end with one or more instructions that display, print, or store the 
output items. Figure 9-41 shows the completed IPO charts for the program’s 
mai n and getPayment functions. Notice that the mai n function calls the 
value-returning getPayment function twice: once to calculate and return 
the credit union payment and again to calculate and return the dealer pay¬ 
ment. The getPayment function uses the periodic payment formula to cal¬ 
culate the payments. To use the formula, the function needs to know three 
items of information: the principal, monthly rate, and number of months. 
These items will be passed to the getPayment function when it is invoked 
by a statement in the mai n function. When calling the getPayment function 
to calculate the credit union payment, the statement will pass the difference 
between the car price and the rebate as the principal. It also will pass the 
monthly credit union rate (which is the annual credit union rate divided by 
12) and the number of months (which is the term times 12). Similarly, when 
calling the getPayment function to calculate the dealer payment, the mai n 
function will pass the car price as the principal, and also pass the monthly 
dealer rate and the number of months. 
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main function 

Input 

car-price 
rebate 

credit union rate (annual) 
dealer rate (annual) 
term, (years) 


qetPavment function 

Input 

-principal 
monthly rate 
rvumber of months. 


Processing Output 

Processing Items: none credit union payment 

dealer payment 


Algorithm.: 

1. enter the car price, rebate, credit 
union rate, dealer rate, and term 

2 . call the getPay ment function to 
calculate the credit union payment, 

•pass the function the car price minus 
the rebate, the credit union rate /12, 
and the term * 12 

3. call the getpayment function to 
calculate the dealer payment, pass 
the function the car price, the dealer 
rate 7 12, and the term. * 12 

4. display the credit unionpayment 
and the dealer payment 

Processing Output 

Processing Items: none monthly payment 


Algorithm: 

1. calculate the monthly pay ment 
using the periodic pay ment formula 

2 . return the monthly payment 


Figure 9-41 IPO charts for the mai n and getPayment functions 

After completing the IPO chart, you then move on to the third step in the prob¬ 
lem-solving process, which is to desk-check the algorithm. You will desk-check 
the algorithms in Figure 9-41 using $16000, $3000, .08, .03, and 4 as the car price 
(after any trade-in), rebate, credit union rate, dealer rate, and term (in years). 
Using these values, the monthly payments should be $317.37 (credit union) 
and $354.15 (dealer). Therefore, it will be cheaper for Sydney to finance the car 
through her credit union. Figure 9-42 shows the completed desk-check table. 



Figure 9-42 Completed desk-check table for the car payment algorithms 
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The fourth step in the problem-solving process is to code the algorithm into a 
program. The IPO chart information and C++ instructions for the mai n and 
getPayment functions are shown in Figures 9-43 and 9-44, respectively. 


mai n function 

IPO chart information 
Input 

car price 
rebate 

credit union rate (annual) 
dealer rate {annual) 
term (years) 

Processing 

none 

Output 

credit union payment 
dealer payment 

Algorithm 

l. enter the car price, 

rebate, credit union rate, 
dealer rate, and term 


2 . call the getPayment function 
to calculate the credit union 
payment, pass the •function 
the carprice minus, the rebate, 
the credit union rate /12 , 
arsd the term. * 12 

3 . call the getPayment function 
to calculatethe dealer 

pay ment, pass the function 
the ear price, the dealer 
rate /12, arui the term. * 12 

4. phsplay the credit waIdia, 
payment aiA.pt the plealer 
payment 


C++ instructions 

int carPrice = 0; 
int rebate = 0; 
double creditRate = 0.0; 
double dealerRate = 0.0; 
int term = 0; 


double creditPayment = 0.0; 
double dealerPayment = 0.0; 


cout « "Car price (after any 

trade-in): "; 

cin » carPrice; 

cout « "Rebate: "; 

cin » rebate; 

cout « "Credit union rate: "; 

cin » creditRate; 

cout « "Dealer rate: "; 

cin » dealerRate; 

cout « "Term in years: "; 

cin » term; 

creditPayment = 

getPaymentfcarPrice - 

rebate, creditRate / 12, 

term * 12); 


dealerPayment = 

getPayment(carPri ce, 

dealerRate / 12, term * 12); 


cout « "Credit union payment: $" 
« creditPayment « endl; 
cout « "Dealer payment: $" 

« dealerPayment « endl; 


The variables 
declared in 
s Figure 9-43 are 
local to the mai n 
function and 
remain in memory until 
the function ends. 



Figure 9-43 IPO chart information and C++ code for the mai n function 
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The variables in 
Figure 9-44 are 
= local to the 
getPayment 
function and 
remain in memory until 
the function ends. 


aetPavment function 

IPO chart information 

InDut 

prii/vcXpnl (formal pnrnm.gtgr) 
m.on,tkly rate (form.nl-pcirCim.gter) 
iA,umbgr of rn.on.tks (form.nl 
pnrnm.etgr) 

C++ instructions 

int prin 

double monthRate 
int months 

Processing 

\A0\At 


Output 

m.orvteily pnym.gn,t 

double monthPay = 0.0; 

Algorithm 

l. onloulnte the rn.oio.tkly 
pnym.gio,t u.scio,g tkg pgrlootlo 
pnym.gio,t form.u.ln 

monthPay = prin * monthRate / 

(1 - pow(monthRate + 1, -months)); 

2. rgtu.no, tkg m.oio,tkly pnym.gio,t 

return monthPay; 


Figure 9-44 IPO chart information and C++ code for the getPayment function 

TFie fifth step in the problem-solving process is to desk-check the program. 
You begin by placing the names of the declared variables and named con¬ 
stants (if any) in a new desk-check table, along with their initial values. You 
then desk-check the remaining C++ instructions in order, recording in the 
desk-check table any changes made to the variables. Figure 9-45 shows the 
completed desk-check table for the car payment program. The results agree 
with those shown in the algorithm’s desk-check table in Figure 9-42. 



Figure 9-45 Completed desk-check table for the car payment program 

The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 
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DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Lab9-2 Project and save it in the Cpp6\Chap09 
folder. Enter the instructions shown in Figure 9-46 in a source file named 
Lab9-2.cpp. (Do not enter the line numbers.) Save the file in either the project 
folder or the Cpp6\Chap09 folder. Now, follow the appropriate instructions 
for running the Lab9-2.cpp file. Test the program using the same data you 
used to desk-check the program. Also test it using the data shown in Example 
2 in Figure 9-40. If necessary, correct any bugs (errors) in the program. 



1 //Lab9-2.cpp - displays two monthly car payments 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <cmath> 

6 #include <iomanip> 

7 using namespace std; 

8 

9 //function prototype 

10 double getPayment(int, 

11 

12 int main() 

13 { 

14 //declare variables 

15 int carPrice 

16 int rebate 

17 double creditRate 

18 double dealerRate 

19 int term 

20 double creditPayment 

21 double dealerPayment 

22 

23 //get input items 

24 cout « "Car price (after any trade-in): 

25 cin » carPrice; 

26 cout « "Rebate: 

27 cin » rebate; 

28 cout « "Credit union rate: "; 

29 cin » creditRate; 

30 cout « "Dealer rate: "; 

31 cin » dealerRate; 

32 cout « "Term in years: "; 

33 cin » term; 

34 

35 //call function to calculate payments 

36 creditPayment = getPaymentfcarPrice - rebate, 

37 creditRate / 12, term * 12); 

38 dealerPayment = getPaymentfcarPrice, 

39 dealerRate / 12, term * 12); 

40 


double, int);- 


the names of the 
formal parameters 
are not required 


0 ; 

0 ; 

0 . 0 ; 

0 . 0 ; 

0 ; 

0 . 0 ; 

0 . 0 ; 


Figure 9-46 Car payment program (continues) 
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(continued) 


41 


//display payments 


42 


cout « fixed « setprecision(2) 

« endl ; 

43 


cout « "Credit union payment: 

$" 

44 


« creditPayment « end!; 


45 


cout « "Dealer payment: $" 


46 


« dealerPayment « end!; 


47 



your C++ development 

48 


system("pause"); - 

tool may not require this 

49 


return 0; 

statement 

50 

} 

//end of main function 


51 




52 

// 

it****f unc ti on defini ti ons***** 


53 

double getPaymentCint prin, 


54 


double monthRate, 

55 


int months) 


56 

{ 



57 


//calculates and returns a monthly payment 

58 


double monthPay = 0.0; 


59 


monthPay = prin * monthRate / 


60 


(1 - powfmonthRate + 1, -months)); 

61 


return monthPay; 


62 

} 

//end of getPayment function 



Figure 9-46 Car payment program 
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AB 9-3 Modify 


If necessary, create a new project named Lab9-3 Project. Enter 
(or copy) the Lab9-2.cpp instructions into a new source file 
named Lab9-3.cpp. Change Lab9-2.cpp in the first comment to 
Lab9-3.cpp. Make the following three modifications to the program. First, 
allow the user to enter the interest rates either as a whole number or as a 
decimal number. For example, if the interest rate is 5%, the user should be 
able to enter either 5 or .05. Second, the program should compare both 
monthly payments and then display one of the following three messages: 
“Take the rebate and finance through the credit union.”, “Don’t take the 
rebate. Finance through the dealer.”, or “You can finance through either one.” 
Third, the user should be able to calculate the monthly payments as many 
times as needed without having to run the program again. Save and then run 
the program. Test the program appropriately. 
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1 


AB 9-4 Desk-Check 


Desk-check the code in Figure 9-47 using the data shown below. 
What current balance will the code display on the screen? 


Beginning balance: 2000 
w, 400, y 
D,1200,y 


W, 45, y 
w, 55, y 
k,y 

w, 150, y 
d, 15, y 
W, 1050, n 



1 

//Lab9-4.cpp - displays an ending balance 


2 

//Created/revised by <your name> on <current 

date> 

4 

#include <iostream> 


5 

#include <iomanip> 


6 

7 

using namespace std; 


8 

//function prototype 


9 

double getBalance(double, char, double); 


10 



11 

int main() 


12 

{ 


13 

//declare variables 


14 

double balance = 0.0; 


15 

double amount = 0.0; 


16 

char transaction = ' '; 


17 

char another = 'Y'; 


18 



19 

cout « "Beginning balance: "; 


20 

cin » balance; 


21 



22 

do 


23 

{ 


24 

//get input items 


25 

cout « "Withdrawal or Deposit? Enter 

W or D: "; 

26 

cin » transaction; 


27 

transaction = toupper(transaction); 


28 




Figure 9-47 Code for Lab 9-4 (continues) 
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(continued) 


29 

BO 

31 

B2 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 


if (transaction == 'W' || transaction == 'D') 

{ 

cout « "Enter amount: 
cin » amount; 

//call function to calculate balance 
balance = 

getBalance(balance, transaction, amount); 

} 

el se 

cout « "Incorrect transaction type"; 

//end if 

cout « endl « "Another transaction (Y/N)? "; 
cin » another; 
cout « endl; 

} while (toupper(another) == 'Y'); 

//display balance 

cout « fixed « setprecision(2) « endl; 

cout « "Current balance: $" « balance « endl; 


system("pause"); _ 

return 0; 

} //end of main function 

//*****function defini tions***** 
double getBalance(double bal, char type, double amt) 
{ 

//calculates and returns the current balance 
double curBalance = 0.0; 
if (type == 'W') 

curBalance = bal - amt; 

el se 

curBalance = bal + amt; 

//end if 

return curBalance; 

} //end of getBalance function 


your C++ development 
tool may not require this 
statement 


Figure 9-47 Code for Lab 9-4 


I 



1 


AB 9-5 Debug 


Follow the instructions for starting C++ and opening the 
Lab9-5.cpp file. The file is contained in either the Cpp6\Chap09\ 
Lab9-5 Project folder or the Cpp6\Chap09 folder. Test the program 
using 20500, 3500, and 10 as the asset cost, salvage value, and useful life. The 
depreciation should be $1700.00. Debug the program. 
















Summary 


Summary 

Functions allow a programmer to avoid duplicating code in different parts 
of a program. They also allow large and complex programs to be broken 
into small and manageable tasks. 

Some of the functions used in a program are built-in functions. Others, 
like mai n, are program-defined functions. 

All functions are classified as either value-returning functions or void 
functions. A value-returning function returns precisely one value after 
completing its assigned task. The value is returned to the statement that 
called the function. Void functions, which you will learn about in Chapter 
10, do not return a value. 

You can use the C++ built-in value-returning sqrt function to find 
the square root of a number. The function returns the square root as a 
doubl e number. A program that uses the sqrt function must contain the 
#include <cmath> directive. 

The items within parentheses in a function call are referred to as actual 
arguments. 

The C++ language provides the rand function for generating random 
numbers. The rand function is a value-returning function. It returns 
an integer that is greater than or equal to zero but less than or equal to 
RAND_MAX, whose value is always at least 32767. You can use the expres¬ 
sion to produce 

random integers within a specific range. 

You can initialize the rand function using the C++ built-in void srand 
function. Most programmers use the built-in value-returning time func¬ 
tion as the srand function’s argument. A program that uses the time 
function must contain the #i ncl ude <cti me> directive. 

A function definition is composed of a function header and a function body. 

The function header is the first line in the function definition. The func¬ 
tion header specifies the type of data the function returns, as well as the 
name of the function and an optional enclosed in parenthe¬ 
ses. The items listed in the are called formal parameters. 

The in a function header contains the data type and name of 

each formal parameter. The quantity, data type, and sequence of the formal 
parameters in the should agree with the quantity, data type, 

and sequence of the actual arguments passed to the function. In most 
cases, the name of each formal parameter is different from the name of its 
corresponding actual argument. Functions that do not require a 

will have an empty set of parentheses after the function’s name. 

The function body in a function definition contains the instructions that 
the function must follow to perform its assigned task. The function body 
begins with an opening brace and ends with a closing brace. Typically, the 
return statement, which instructs the function to return a value, is the 
last statement in the function body of a value-returning function. 









Value-Returning Functions 


You call a function by including its name and actual arguments (if any) in a 
statement. 

Unless specified otherwise, variables in C++ are passed to a function 
, which means that only the value stored in the variable is passed. 

A program will have one function prototype for each function defined 
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below the mai n function. Functions defined above the mai n function in a 


program do not need a function prototype. 

A variable’s scope, which can be either local or global, indicates where in 
a program a variable can be used. A variable’s lifetime indicates how long 
the variable remains in the computer’s internal memory. 

Local variables can be used only within the function in which they are 
declared or in whose they appear, and they remain in 

memory until the function ends. Global variables, which you should avoid 
using, can be used anywhere in the program. Unlike local variables, global 
variables remain in memory until the program ends. 

If more than one memory location has the same name and the name 
appears in a statement, the computer uses the position of the statement 
within the program to determine which memory location to use. For clar¬ 
ity, you should use unique variable names within a program. 


Key Terms 


Actual argument —an item of information passed (sent) to a function when 
the function is called (invoked) 

Built-in functions —blocks of code that perform a task and are included in 
libraries that come with the C++ language; examples include the pow, sqrt, 
rand, srand, and time functions 

Formal parameters —the memory locations listed in a function header’s 

; a formal parameter stores an item of information passed to a 
function when the function is invoked (called) 

Function prototype —a statement that specifies the function’s name, the data 
type of its return value (if any), and the data type and (optionally) name of 
each of its formal parameters (if any); required for every function that is 
defined below the mai n function in a program 

Global variables —variables that are declared outside of any function in a pro¬ 
gram; global variables can be used by any statement below the variable dec¬ 
laration in the program, and they remain in memory until the program ends; 
you should avoid using global variables in a program 

Lifetime —indicates how long an item, such as a variable, remains in the com¬ 
puter’s internal memory 

Local variables —variables that are either declared within a function or 
appear in the function header’s ; local variables can be used 

only by the function in which they are declared or in whose 
they appear; local variables remain in memory until the function ends 


—refers to the process of passing a variable’s address to 


Passing 

a function 








Review Questions 


Passing —refers to the process of passing a variable’s value to a function 

Program-defined functions —blocks of code that perform a task and are writ¬ 
ten by a programmer; usually the task will avoid the duplication of code 
within a program or perform some common task 

Pseudo-random number generator —a device that produces a sequence of 
numbers that meet certain statistical requirements for randomness; the rand 
function is the pseudo-random number generator in C++ 

function —a built-in C++ function that returns a random integer that is 
greater than or equal to zero but less than or equal to the value stored in the 
RAND_MAX constant; the pseudo-random number generator in C++ 

—a C++ built-in constant that represents the largest integer 
generated by the rand function; although the value of RAND_MAX varies with 
different computer systems, its value is always at least 32767 

statement— in most cases, the last statement in a value-returning 
function; it alerts the computer that the function has completed its task 

Scope— indicates where in the program an item, such as a variable, can be used 

function —a C++ built-in function whose purpose is to return the 
square root of a number that has either the doubl e or float data type; 
returns the square root as a doubl e number; a program that uses the sqrt 
function must contain the #i ncl ude <cmath> directive 

function —a C++ built-in function used to initialize the rand function 

function —a built-in C++ function that returns the current time 
(according to your computer system’s clock) as seconds elapsed since mid¬ 
night on January 1, 1970; often used as the argument in the s rand func¬ 
tion; a program that uses the ti me function must contain the #i ncl ude 
<cti me> directive 

Value-returning functions —functions that return precisely one value after 
they complete their assigned task 

Review Questions 

1. Value-returning functions can return_. 

a. one value only 

b. one or more values 

c. the number 0 only 

d. none of the above 

2. The function header specifies_. 

a. the data type of the function’s return value (if any) 

b. the name of the function 

c. the function’s formal parameters (if any) 

d. all of the above 
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3. Which of the following is false? 

The number of actual arguments should agree with the number of 
formal parameters. 

The data type of each actual argument should match the data type 
of its corresponding formal parameter. 

The name of each actual argument should be identical to the 
name of its corresponding formal parameter. 

When you pass information to a function by value, the function 
stores the value of each item it receives in a separate memory 
location. 

4. Each memory location listed in a function header’s parameterList is 

referred to as_. 

a. an actual argument 

b. an actual parameter 

c. a formal argument 

d. a formal parameter 

5. A program contains the statement tax = cal cTax(sal es) ; . The 
tax and sal es variables have the doubl e data type. Which of the 
following is a valid function header for the cal cTax function? 

a. calcTax(double sales); 

b. double calcTaxfsalesAmount) 

c. double cal cTax(doubl e sal esAmount) 

d. double calcTax(int sales); 

6. Which of the following is a valid function header for the get Fee 
function, which receives an integer first and a number with a decimal 
place second? The function returns a number with a decimal place. 

a. getFee(int base, double rate); 

b. double getFee(int base, double rate); 

c. double getFee(double base, int rate) 

d. double getFee(int base, double rate) 

7. Which of the following is a valid function prototype for the function 
described in Review Question 6? 

a. getFee(int base, double rate); 

b. int getFee(int, double) 

c. double getFee(int base, double rate) 

d. double getFee(int, double); 










Review Questions 


8. Which of the following directs a function to return the contents of the 
stateTax variable to a statement contained in the mai n function? 
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9. If the statement net Pay = cal cNetfgross, taxes) ; passes the 
contents of the gross and taxes variables to the cal cNet function, 
the variables are said to be passed_. 

a. by address 

b. by content 

c. by reference 

d. by value 

10. A variable’s_indicates where in the program a vari¬ 

able can be used. 

a. lifetime 

b. range 

c. scope 

d. span 

11. If a variable named begi nBal ance appears in a function header’s 
parameterList, which of the following statements is true? 

a. The begi nBal ance variable remains in memory until the func¬ 
tion ends. 

b. The begi nBal ance variable is called a functional variable. 

c. The begi nBal ance variable can be used anywhere in the program. 

d. both a and b 

12. A program contains three functions named mai n, cal cGross, and 
di spl ayGross. Two of the functions— mai n and cal cGross— 
declare a variable named pay. The pay variable name also appears in 
the di spl ayGross function header. When the computer processes 
the statement pay = hours * rate ; in the cal cGross function, 
it multiplies the contents of the hou rs variable by the contents of the 
rate variable. It then stores the result in which function’s pay variable? 

a. cal cGross 

b. di spl ayGross 

c. mai n 

d. none of the above, because you can’t have more than one memory 
location with the same name 


a. restore stateTax; 

b. return stateTax 

c. return to main(stateTax) ; 

d. none of the above 
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13. Which of the following expressions produces a random integer from 3 
to 9, inclusive? 


a. 

1 

+ 

rand() ? 

6 (9 - 

3 + 

1) 

b. 

3 

+ 

rand() ? 

6 (9 - 

3 + 

1) 

c. 

3 

+ 

rand() ? 

6 (9 + 

3 - 

1) 

d. 

9 

+ 

rand() ? 

6 (9 + 

1 - 

3) 


14. Which of the following can be used to initialize the random number 
generator in C++? 

a. init(static_cast<int>(time(0))); 

b. rand(static_cast<int>(time(0))); 

c. srand(static_cast<int>(time(0))) ; 

d. none of the above 


15. A program that uses the sq rt function must contain the 
_directive. 

a. #include <cmath> 

b. #include <ctime> 

c. #include <square> 

d. #include <squareRoot> 


Exercises 


TRY THIS 



Pencil and Paper 


1. Write the C++ code for a function that receives an integer passed 
to it. The function should divide the integer by 2 and then return 
the result, which may contain a decimal place. Name the function 
di vi deByTwo. Name the formal parameter whol eNumber. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 


TRY THIS 2. Write the function prototype for the di vi deByTwo function from 

Pencil and Paper Exercise 1. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 


TRY THIS 3. Write a statement that calls the di vi deByTwo function from Pencil 

and Paper Exercise 1, passing the function the contents of the total 
variable. The statement should assign the function’s return value to a 
doubl e variable named quoti ent. (The answers to TRY THIS Exer¬ 
cises are located at the end of the chapter.) 
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4. Rewrite the code from Pencil and Paper Exercises 1, 2, and 3 so that MODIFY THIS 

the di vi deByTwo function receives two integers rather than one 

integer. The function should add together both integers and then 
divide the sum by 2. Here again, the function’s return value may con¬ 
tain a decimal place. Name the formal parameters numl and num2. 

Name the actual arguments total 1 and total 2. 

5. Write a C++ statement that displays a random integer from 50 INTRODUCTORY 

through 100 on the computer screen. 

6. Write a C++ statement that assigns the square root of a number to a INTRODUCTORY 

doubl e variable named sqRoot. The number is stored in a doubl e 

variable named num. 


7. Write the C++ code for a function that prompts the user to enter a INTRODUCTORY 

character and then stores the character in a char variable named 

response. The function should return the contents of the response 
variable. Name the function getCharacter. (The function will not 
have any actual arguments passed to it.) Also write an appropriate 
function prototype for the getCharacter function. In addition, 
write a statement that invokes the getCharacter function and 
assigns its return value to a char variable named custCode. 

8. Write the C++ code for a function that receives four double numbers. INTERMEDIATE 
The function should calculate the average of the four numbers and 

then return the result. Name the function cal cAverage. Name the 
formal parameters numl, num2, num3, and num4. Also write an appro¬ 
priate function prototype for the cal cAverage function. In addition, 
write a statement that invokes the cal cAverage function and assigns 
its return value to a doubl e variable named quotient. Use the fol¬ 
lowing numbers as the actual arguments: 45.67, 8.35,125.78, and 99.56. 

9. Write a C++ statement that adds the cube of the number stored in INTERMEDIATE 

the numl variable to the square root of the number stored in the 

num2 variable. The statement should assign the result to the answer 
variable. All of the variables have the doubl e data type. 


10. Write a C++ statement that assigns to the answer variable the square INTERMEDIATE 
root of the following expression: x 2 * y 3 . The x, y, and answer 
variables have the doubl e data type. 


11. Write a C++ statement that assigns to the rate variable the result of ADVANCED 
the following expression: (future / present) 1_term - 1. The three 
variables have the doubl e data type. 


12. A program’s mai n function declares three doubl e variables named SWAT THE BUGS 

sal esTax, sal es, and taxRate. It also declares a char variable 
named status. The mai n function contains the following statement: 
salesTax = getSalesTax(sales, status, taxRate) ;. The 
statement calls the getSal esTax function, whose function header 
isint getSalesTax(char code, int sold, double rate). 

Correct the function header. 
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Computer 


TRY THIS 13. If necessary, create a new project named TryThisl3 Project. Enter 

the C++ instructions from Figure 9-4 into a source file named 
TryThisl3.cpp. Change the filename in the first comment. Save and 
then run the program. Test the program using the data shown in 
Figure 9-5 in the chapter. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 


TRY THIS 14. If necessary, create a new project named TryThisl4 Project. Code the 

IPO charts shown in Figure 9-48. If necessary, create a new project 
named TryThisl4 Project. Enter your C++ instructions into a source 
file named TryThisl4.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. Display the Celsius 
temperature in fixed-point notation with no decimal places. Save and 
then run the program. Test the program using the following Fahren¬ 
heit temperatures: 32 and 212. (The answers to TRY THIS Exercises 
are located at the end of the chapter.) 


main function 

Input Processing Output 

Fahrenheit temperature Processing items: none Celsius tem.-perfftu.re 

Algorithm: 

1. call getFahrenheitto get 
the Fahrenheit tem.-pemtu.re 

2 . call calcCelsius to calculate 
the Celsius temperature, pass 
the Fahrenheit temperature 

3 . display the Celsius temperature 

qetFahrenheit function 

Input Processing Output 

Fahrenheit temperature Processing items: none Fahrenheittemperature 

Algorithm: 

1. enter the Fahrenheit 
temperature 

2 . return the Fahrenheit 
temperature 

cal cCel si us function 

Input Processing Output 

Fahrenheit temperature Processing items: none Celsius temperature 

Algorithm: 

1. Celsius temperature = 5.0 /j J.o * 

(Fahrenheit temperature - 32.0) 

2. return the Celsius temperature 


Figure 9-48 


MODIFY THIS 15. In this exercise, you modify the code from Computer Exercise 13. 

If necessary, create a new project named ModifyThisl5 Project. 
Enter (or copy) the TryThisl3.cpp instructions into a new source file 
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named ModifyThisl5.cpp. Change TryThisl3.cpp in the first com¬ 
ment to ModifyThisl5.cpp. Remove both calculation tasks from the 
mai n function and assign both to a program-defined value-returning 
function named getHypotenuse. Save and then run the program. 

Test the program appropriately. 

16. In this exercise, you modify the code from Computer Exercise 14. If MODIFY THIS 

necessary, create a new project named ModifyThisl6 Project. Enter 

(or copy) the TryThisl4.cpp instructions into a new source file named 
ModifyThisl6.cpp. Change TryThisl4.cpp in the first comment to 
ModifyThisl6.cpp. Modify the program so that the user can convert 
as many temperatures as desired without having to run the program 
again. Save and then run the program. Test the program appropriately. 

17. If necessary, create a new project named Introductoryl7 Project. INTRODUCTORY 

Enter the C++ instructions shown in Figure 9-19 into a source file 

named Introductoryl7.cpp. Change the filename in the first com¬ 
ment. Save and then run the program. Modify the program so that 
it performs subtraction rather than addition. However, the program 
should always subtract the smaller number from the larger one. Save 
and then run the program. 


18. In this exercise, you modify the program from Lab 7-2 in Chapter INTRODUCTORY 

7. If necessary, create a new project named Introductoryl8 Project. 

Copy the instructions from the Lab7-2.cpp file into a source file 
named Introductoryl8.cpp. (Alternatively, you can enter the instruc¬ 
tions from Figure 7-48 into the Introductoryl8.cpp file.) Change the 
filename in the first comment. Modify the program so that it uses a 
value-returning function to determine the grade. Save and then run 
the program. Test the program appropriately. 


19. In this exercise, you experiment with the concepts of scope and lifetime. INTERMEDIATE 

a. Follow the instructions for starting C++ and opening the Interme- 
diatel9.cpp file. The file is contained in either the Cpp6\Chap09\ 

Intermediate 19 Project folder or the Cpp6\Chap09 folder. Run the 
program. If you are asked whether you want to run the last success¬ 
ful build, click the No button. The C++ compiler displays an error 
message indicating that the getDoubl eNumber function does not 
recognize the number variable. The error occurs because the num¬ 
ber variable is local to the mai n function. To fix this error, you can 
either pass the number variable’s value to the getDoubl eNumber 
function or create a global variable named number. Passing the vari¬ 
able’s value is the preferred way for the mai n function to communi¬ 
cate with the getDoubl eNumber function. However, to give you an 
opportunity to see how global variables work in a program, you will 
fix the program’s error by creating a global variable named number. 

b. Change the int number = 0 ; statement in the mai n func¬ 
tion to a comment. Recall that global variables are declared out¬ 
side of any function in the program. In the blank line below the 
//declare global variable comment, type i nt number 
= 0;. Because the number variable is now a global variable, both 
the mai n and getDoubl eNumber functions have access to it. You 
will run the program to verify that fact. 
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c. Save and then run the program. When prompted for a number, 
type 5 and press Enter. The Command Prompt window shows that 
doubling the number 5 results in the number 10, which is correct. 

d. Now change the statement that declares the global number 
variable to a comment. Also remove the two forward slashes 
from the //int number = 0 ; line in the mai n function. Fix 
the program’s error by passing the value contained in the number 
variable to the getDoubl eNumber function. 

e. Save and then run the program. When prompted for a number, 
type 5 and press Enter. The Command Prompt window shows that 
doubling the number 5 results in the number 10, which is correct. 

INTERMEDIATE 20. In this exercise, you modify the program from Lab 6-2 in Chapter 

6. If necessary, create a new project named Intermediate20 Project. 
Copy the instructions from the Lab6-2.cpp file into a source file 
named Intermediate20.cpp. (Alternatively, you can enter the instruc¬ 
tions from Figure 6-32 into the Intermediate20.cpp file.) Change the 
filename in the first comment. Modify the program so that it uses a 
value-returning function to determine the commission. Save and then 
run the program. Test the program appropriately. 

INTERMEDIATE 21. In this exercise, you modify the program from Lab 5-2 in Chapter 

5. If necessary, create a new project named Intermediate21 Project. 
Copy the instructions from the Lab5-2.cpp file into a source file 
named Intermediate21.cpp. (Alternatively, you can enter the instruc¬ 
tions from Figure 5-33 into the Intermediate21.cpp file.) Change the 
filename in the first comment. Modify the program so that it uses 
two value-returning functions: one to determine the fat calories and 
the other to determine the fat percentage. Save and then run the pro¬ 
gram. Test the program appropriately. 

INTERMEDIATE 22. The payroll manager at Gerston Blankets wants a program that calcu¬ 

lates and displays the gross pay for each of the company’s employees. 

It also should calculate and display the total gross pay. The payroll 
manager will enter the number of hours the employee worked and his 
or her pay rate. Employees working more than 40 hours should receive 
time and one-half for the hours over 40. Use a value-returning function 
to determine an employee’s gross pay. Use a different value-returning 
function to accumulate the total gross pay. The program should display 
the total gross pay only after the payroll manager has finished entering 
the data for all the employees. Use a sentinel value to end the program. 

a. Create IPO charts for the problem, and then desk-check the algo¬ 
rithm using the following four sets of hours worked and pay rates: 
35, $10.50; 43, $15; 32, $9.75; 20, $6.45. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 9-48. 
Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 
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d. If necessary, create a new project named Intermediate22 Project. 

Enter your C++ instructions into a source file named Intermedi- 
ate22.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

23. In this exercise, you create a program that calculates the average of three ADVANCED 
test scores. The program should contain three value-returning func¬ 
tions: mai n, getTestScore, and cal cAverage. The mai n function 

should call the getTestScore function to get and return each of three 
test scores. The test scores may contain a decimal place. (Hint: The mai n 
function will need to call the getTestScore function three times.) The 
mai n function then should call the cal cAverage function to calculate 
and return the average of the three test scores. When the cal cAverage 
function has completed its task, the mai n function should display the 
average on the screen. Display the average with one decimal place. 

a. Create IPO charts for the problem, and then desk-check the algo¬ 
rithm using the following four sets of test scores: 56, 78, 90; 100, 

85, 67; 74, 32, 98; 25, 99, 84. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 9-48. 

Then code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. If necessary, create a new project named Advanced23 Proj¬ 
ect. Enter your C++ instructions into a source file named 
Advanced23.cpp. Also enter appropriate comments and any 
additional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

24. In this exercise, you create a program that calculates and displays ADVANCED 

gross pay amounts. The user will enter the number of hours an 
employee worked and his or her pay rate. The program should 
contain four value-returning functions: mai n, getHoursWorked, 
getPayRate, and cal cGross. The mai n function should call each 
of the other three functions and then display the gross pay on the 
screen. When coding the cal cGross function, you do not have to 
worry about overtime pay. You can assume that everyone works 40 or 
fewer hours per week. The hours worked and rate of pay may contain 
a decimal place. Use a sentinel value to end the program. 

a. Create IPO charts for the problem, and then desk-check the algo¬ 
rithm using the following two sets of hours worked and pay rates: 

25.5, $12; 40, $11.55. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 9-48. 

Then code the algorithm into a program. 
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Value-Returning Functions 



c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. If necessary, create a new project named Advanced24 Proj¬ 
ect. Enter your C++ instructions into a source file named 
Advanced24.cpp. Also enter appropriate comments and any addi¬ 
tional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

ADVANCED 25. In this exercise, you learn about using a default value for a formal 

parameter. 

a. You can define a default value for one or more of a function’s 
formal parameters. If a formal parameter has a default value, 
then you do not need to provide an actual argument for it when 
you call the function. Follow the instructions for starting C++ 
and opening the Advanced25.cpp file. The file is contained in 
either the Cpp6\Chap09\Advanced25 Project folder or the Cpp6\ 
Chap09 folder. The program uses a value-returning function to 
calculate a bonus amount. The bonus rate is based on the sales¬ 
person’s code: either A or B. The user enters the bonus rate only 
for salespeople with an “A” code. Salespeople with a “B” code 
always receive a 5% bonus. 

b. You define a default value for a formal parameter in the function’s 
prototype, using the syntax formalParameterDataType = default- 
Value. If the prototype also contains the parameter’s name, you 
use the syntax formalParameterDataTypeformalParameterName 
= defaultValue. Keep in mind that all formal parameters having a 
default value must be placed after those that do not have a default 
value in the function prototype. Change the function prototype so 
that it uses the number .05 as the default value for the bonus rate. 

c. Save and then run the program. Test the program appropriately. 

SWAT THE BUGS 26. Follow the instructions for starting C++ and opening the 

SwatTheBugs26.cpp file. The file is contained in either the Cpp6\ 

Chap09\SwatTheBugs26 Project folder or the Cpp6\Chap09 folder. 

Debug the program. 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. double divideByTwo(int wholeNumber) 

{ 

return wholeNumber / 2; 

} //end of divideByTwo function 


2 . 


double divideByTwo(int) ; or double divideByTwofint 
wholeNumber); 









Exercises 


3. quotient = divideByTwo(total); 



Computer 


13. No answer required. 
16. See Figure 9-49. 


1 

//TryThisl4.cpp - converts Fahrenheit to Celsius 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

#include <iomanip> 


6 

7 

using namespace std; 


8 

//function prototypes 


9 

int getFahrenheit(); 


10 

double calcCelsius(int tempF); 


11 




12 

int mainO 


13 

{ 



14 


int fahrenheit = 0; 


15 


double Celsius = 0.0; 


16 




17 


//get input item 


18 


fahrenheit = getFahrenheitQ ; 

19 




20 


//calculate Celsius 


21 


Celsius = calcCelsius(fahrenheit); 

22 




23 


//display output item 


24 


cout « fixed « setprecision(O); 

25 


cout « "Celsius: " « Celsius « end!; 

26 



your C++ development 


27 


system("pause"); - 

tool may not require this 


28 


return 0; 

statement 


29 

} 

//end of main function 



30 




31 

//'• 

****f unC ti 0 n d e fi n i t i o n s * * * * * 


32 

int getFahrenheit() 


33 

{ 



34 


int tempF = 0; 


35 


cout « "Enter Fahrenheit temperature: 

36 


cin » tempF; 


37 


return tempF; 


38 

} 

//end of getFahrenheit function 

39 




40 

double calcCelsius(int tempF) 


41 

{ 



42 


double tempC = 0.0; 


43 


tempC = 5.0 / 9.0 * (tempF - 

32.0); 

44 


return tempC; 


45 

} 

//end of calcCelsius function 


Figure 9-49 
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Create a function that does not return a value 
Invoke a function that does not return a value 
Pass information by reference to a function 





Void Functions 


Void Functions 

As discussed in Chapter 9, all built-in and program-defined functions are 
categorized as either value-returning functions or void functions. Recall that 
a value-returning function performs a task and then returns precisely one 
value to the statement that called it. You learned how to create and invoke 
value-returning functions in Chapter 9. Like value-returning functions, void 
functions also perform a task. However, unlike value-returning functions, 
void functions do not return a value after completing their task. You already 
are familiar with one void function: s rand. Recall from Chapter 9 that the 
s rand function is a built-in void function whose task is to initialize the 
C++ random number generator. In this chapter, you will learn how to create 
program-defined void functions. A program might use a program-defined 
void function to display information (such as a title and column headings) at 
the top of each page in a report. Rather than duplicating the required code 
several times in the program, the code can be entered once in a void func¬ 
tion. The program then can call the void function whenever and wherever it 
is needed. A void function is appropriate in this situation because the func¬ 
tion does not need to return a value after completing its task. Figure 10-1 
shows the syntax used to create a void function in a C++ program. When 
you compare this syntax with the one for creating a value-returning function 
(shown in Figure 9-14 in Chapter 9), you will notice two differences. First, a 
void function’s header begins with the keyword voi d rather than with a data 
type. The voi d keyword indicates that the function does not return a value. 
Second, the function body in a void function does not contain a return 
statement, which is required in the function body of a value-returning func¬ 
tion. The return statement is not necessary in a void function body because 
a void function does not return a value. Also included in Figure 10-1 are 
examples of program-defined void functions. 



HOW TO Create a Program-Defined Void Function 
Syntax 

void functionName{[parameterList 1) 

{ 


function header 


one or more statements 
} functionName 


function body 


Example 1 


function 

definition 


The function displays a straight line composed of 20 hyphens. 


Figure 10-1 How to create a program-defined void function (continues) 
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(continued) 

Example 2 

void di splayCompanylnfoO 

{ 

cout « "ABC Company" « endl; 
cout « "Chicago, Illinois" « endl; 

} //end of displayCompanylnfo function 
The function displays a company’s name, city, and state. 

Example 3 

void displayTotalSales(int total) 

{ 

cout « "Total sales: $" « total « endl; 

} //end of displayTotalSales function 

The function displays the total sales it receives from the statement that 
invoked it. 

Figure 10-1 How to create a program-defined void function 


As you learned in 
Chapter 9, value- 
w returning func¬ 
tions typically are 
called from state¬ 
ments that do one of the 
following: display the 
function’s return value, 
use the return value in a 
calculation or compari¬ 
son, or assign the return 
value to a variable. 


Figure 10-2 shows the IPO chart information and C++ instructions for the 
ABC Company program, which uses the void functions from Figure 10-1. 
Figure 10-3 shows the program’s code, with the function prototypes and calls 
shaded. As you do with a value-returning function, you call a void function 
by including its name and actual arguments (if any) in a statement. However, 
unlike a call to a value-returning function, a call to a void function appears 
as a statement by itself rather than as part of another statement. Each call to 
the void functions in Figure 10-3, for example, is a self-contained statement. 
When the computer processes a statement that calls a program-defined void 
function, the computer first locates the function’s code in the program. If 
the function call contains an argumentList, the computer passes the values 
of the actual arguments (assuming the variables included in the argument¬ 
List are passed by value ) to the called function. The function receives the 
values and stores them in the formal parameters listed in its parameter List. 
Then, the computer processes the function’s code. When the function ends, 
the computer continues program execution with the statement imme¬ 
diately below the one that called the function. In the program shown in 
Figure 10-3, for example, the di spl ayLi ne() ; statement on Line 28 calls 
the displayLine function. After processing the displayLine function’s 
code, the computer returns to the mai n function to process the statement 
on Line 29; that statement calls the di spl ayCompanylnfo function. When 
the computer finishes processing the code in the di spl ayCompanylnfo 
function, it returns to the mai n function to process the statement on Line 
30; that statement calls the di spl ayTotal Sal es function. After process¬ 
ing the code in the di spl ayTotal Sal es function, the computer returns to 
the mai n function to process the di spl ayLi ne() ; statement on Line 31. 
After the displayLine function completes its task, the computer returns 
to the mai n function to process the system("pause") ; statement on Line 
33. Figure 10-4 shows a sample run of the program. The sample run contains 
output from each of the four functions in the program. 










Void Functions 


main function 

IPO chart information 

Input 

store l's sales 

store 2 's sales 

C++ instructions 

int storelSales = 0; 
int store2Sales = 0; 

Processing 

iA,oiA,e 


Output 

total sales 

straight Llio,e (softherw.) 
iA,am.e, city, a ic,d state 

int total Sales = 0; (displayed 
by the dlsplayTotaLsales fm^ctlorO 
displayed by the display lLm fui/vctlorv 
displayed by the dlsplayC-ompa^y imfo 
fuMtlow- 

Algorithm 

l. eider store l's sales 

a \Ad store 2 's sales 

cout « "Store l’s sales: 
cin » storelSales; 
cout « "Store 2’s sales: 
cin » store2Sales; 

2 . calculate the total sales 
by adding together store l's 
sales aio,d store 2 's sales 

totalSales = storelSales 
+ store2Sales; 

3. call the display Cim fw.in,ctloiA, 
to display a straight llio,e 

displayLine(); 

4. call the display CorKpa^y ii/vfo 
•fuiActioiA- to display the itame, 
city, a rvd state 

di splayCompanylnfoO; 

5 ". call the dlsplayTotaLsales 
•fuMtioiA- to display the total 
sales, pass the total sales 
to the fu.iA,ctloiA, 

displayTotalSales(total Sales); 

b. call the display lLm fou/vctloiA, 
to display a straight LIm 

displayLine(); 

di sol avLi ne function 

IPO chart information 

Inout 

iA,oi^e 

C++ instructions 

Processing 

\adm 


Output 

straight Hm (composed 
of 20 hyphens) 

displayed uslrvg a string literal 
co nstaiAt 



Figure 10-2 IPO chart information and C++ instructions for the ABC Company program 
(continues) 
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(continued) 


Algorithm 

display a straight LLm 

cout « " - " 

« endl ; 

di sol avComoanvInfo function 

IPO chart information 

Input 

IA .DM 

C++ instructions 

Processing 

MM 


OutDUt 

ic,am.e, city, ain-d state 

displayed nslrng string literal cokistain-ts 

Algorithm 

display iA,am.e, city, ain-d state 

cout « "ABC Company" « endl; 
cout « "Chicago, Illinois" 

« endl « endl; 

di sol avTotal Sal es function 

IPO chart information 

Input 

total sales (form.alparam.eter) 

C++ instructions 

int total 

Processing 

MM 


OutDUt 

total sales 


Algorithm 

display total sales 

cout « "Total sales: $" 

« total « endl; 



Figure 10-2 IPO chart information and C++ instructions for the ABC Company program 


1 //ABC.cpp - displays the total sales 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 using namespace std; 

6 

7 //function prototypes 

8 void displayLine(); - 

9 void di splayCompanylnfoO ; 

10 void displayTotalSales(int total); 

11 

12 int main() 

13 { 

14 int storelSales = 0; 

15 int store2Sales = 0; 


function prototypes 
end with a semicolon 


Figure 10-3 ABC Company program (continues) 
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(continued) 


16 int total Sales = 0; 

17 

18 //enter input items 

19 cout « "Store l’s sales: 

20 cin » storelSales; 

21 cout « "Store 2’s sales: 

22 cin » store2Sales; 

23 

24 //calculate total sales 

25 totalSales = storelSales + store2Sales; 

26 

27 //display output items 

28 displayLineO; 

29 displayCompanylnfoO ; 

30 displayTotalSales(total Sales); 

31 displayLineO; 

32 

33 systemC'pause"); - 

34 return 0; 

35 } //end of main function 

36 

37 //*****function definitions**** 

38 void displayLineO - 

39 { 

40 cout « "-" « endl; 

41 } //end of displayLine function 

42 

43 void displayCompanylnfoO 

44 { 

45 cout « "ABC Company" « endl; 

46 cout « "Chicago, Illinois" « endl « endl; 

47 } //end of displayCompanylnfo function 

48 

49 void displayTotalSales(int total) 

50 { 

51 cout « "Total sales: $" « total « endl; 

52 } //end of displayTotalSales function 


function headers do not 
end with a semicolon 


your C++ development 
tool may not require this 
statement 



Figure 10-3 ABC Company program 



mai n function 


displayCompanylnfo 

function 


displayTotalSales 

function 


Figure 10-4 Sample run of the ABC Company program 
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The answers to 

Mini-Quiz ques- Mini-Quiz 10-1 

tions are located 

in Appendix A. 1. In C++, the function header for a function that does not return a 

value begins with the keyword_. 


2. Write a C++ statement that calls a void function named 

di spl ayTaxes. The statement passes the contents of two doubl e 
variables named federalTax and localTax. 


3. Write the function header for the di spl ayTaxes function from 
Question 2. Use fedTax and stateTax as the names for the formal 
parameters. 

4. The return statement typically is the last statement in a C++ void 
function. 

a. True 

b. False 


The internal 
memory of a 
= computer is simi¬ 
lar to a large 
post office. Like 
each post office box, 
each memory cell has a 
unique address. 

Only variables 
can be passed 


Passing Variables to a Function 

As you learned in Chapter 9, the items passed to a function are called actual 
arguments. An actual argument can be a variable, named constant, literal 
constant, or keyword; however, in most cases, it will be a variable. Recall that 
each variable declared in a program has both a value and a unique address 
that represents the location of the variable in the computer’s internal memory. 
C++ allows you to pass either the variable’s value or its address to a function. 
Passing a variable’s value is referred to as passing , whereas passing its 

address is referred to as passing . The method you choose— 

or —depends on whether you want the receiving function to 

have access to the variable in memory. In other words, it depends on whether 
you want to allow the receiving function to change the contents of the variable. 
Although the idea of passing information and may sound 

confusing at first, it is a concept with which you already are familiar. To illus¬ 
trate, assume you have a savings account at a local bank. During a conversation 
with your friend Melissa, you mention the amount of money you have in the 
account. Sharing this information with Melissa is similar to passing a variable 
. Knowing the balance in your account does not give Melissa access to 
your bank account. It merely provides information that she can use to com¬ 
pare with the amount of money she has saved. The savings account example 
also provides an illustration of passing information . To either 

deposit money in your account or withdraw money from your account, you 
must provide the bank teller with your account number. The account number 
represents the location of your account at the bank and allows the teller to 
change the account balance. Giving the teller your bank account number is 
similar to passing a variable . The account number allows the teller 

to change the contents of your bank account, similar to the way a variable’s 
address allows the receiving function to change the contents of the variable. 
Before learning how to pass a variable , you will review the concept 

of passing , which you learned about in Chapter 9. 











Passing Variables to a Function 


Reviewing Passing Variables 

Recall that, unless you specify otherwise, variables are passed in 

C++. This means that the computer passes only a copy of the variable’s con¬ 
tents to the receiving function. When only a copy of the contents is passed, 
the receiving function is not given access to the variable in memory. There¬ 
fore, it cannot change the value stored inside of the variable. It is appropriate 
to pass a variable when the receiving function needs to the 

variable’s contents, but it does not need to the contents. To illustrate, 

consider the C++ program shown in Figure 10-5. The program defines and 
calls a void function named di spl ayAge. The di spl ayAge function defini¬ 
tion is located below the mai n function (on Lines 24 through 27). Therefore, 
the program includes an appropriate function prototype above the mai n 
function (on Line 8). Because the di spl ayAge function is a void function, 
its function call (on Line 17) appears as a statement by itself. The function 
call passes the age variable to the di spl ayAge function. Notice 

that the data type of the actual argument in the function call—in this case, 
i nt— matches the data type of the formal parameter listed in both the func¬ 
tion header and function prototype. Also notice that the name of the actual 
argument (age) does not need to be identical to the name of the formal 
parameter (years). In fact, to avoid confusion, it is better to use different 
names for an actual argument and its corresponding formal parameter. 


The receiving 
function can 
= change only its 
copy of a vari¬ 
able passed 
. Changing the copy 
does not change the con¬ 
tents of the original 
variable. 



1 //Age.cpp - displays the user’s age in 

a message 

2 //Created/revised by <your name> on <current date> 

2 

4 #include <iostream> 


5 using namespace std; 


6 

the name is not required 

7 //function prototype 

in the function prototype 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


int main() 

{ 

int age = 0; 

//get age 

cout « "How old are you? 
cin » age; 

//display age 
displayAge(age); - 


function call 


system("pause"); - 

return 0; 

} //end of main function 

//*****function defini ti ons***** 

void displayAge(int years) - 

{ 

cout « "You are " « years « 
} //end of displayAge function 


your C++ development 
tool may not require 
this statement 


function header 


years old." « endl ; 


Figure 10-5 Age message program 
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To review the concept of passing by value, you will desk-check the program 
shown in Figure 10-5, using the number 34 as the age. The first statement in 
the mai n function creates and initializes an i nt variable named age. The 
variable is local to the mai n function and will remain in memory until the 
mai n function ends. The next two statements prompt the user to enter an 
age and then store the user’s response (34) in the age variable. Figure 10-6 
shows the desk-check table after the first three statements in the mai n func¬ 
tion are processed. 


mai n function’s variable 


a ge 

<9 

34 


Recall that the 
variables listed in 
^ a function header 
are local to the 
function and can 
be used only within the 
function. The variables 
will remain in memory 
until the function ends. 


Figure 10-6 Desk-check table after the first three statements in the mai n function 
are processed 

Next, the displayAge(age); statement on Line 1 7 calls the d i s p 1 ayAg e 
function, passing it a copy of the value stored in the age variable. In this case, 
the statement passes the integer 34. At this point, the computer temporarily 
leaves the mai n function to process the code contained in the di spl ayAge 
function, beginning with the function header. The di spl ayAge function 
header indicates that the computer should create one local i nt variable 
named years. The computer stores the value passed to the function in the 
years variable, as shown in Figure 10-7. 



Figure 10-7 Desk-check table after the di spl ayAge function header is processed 

Next, the computer processes the cout statement contained in the 
di spl ayAge function body. The statement displays string literal constants 
along with the contents of the function’s local years variable. In this case, 
the statement will display the message “You are 34 years old.” on the com¬ 
puter screen. The di spl ayAge function ends when the computer encoun¬ 
ters the function’s closing brace. At that point, the computer removes the 
years variable from its internal memory. It then returns to the mai n func¬ 
tion to process the statement immediately following the one that called the 
di spl ayAge function. In this case, the system("pause") ; statement 
on Line 19 is the first statement immediately following the function call. 
Figure 10-8 shows the desk-check table after the di spl ayAge function 
ends. Only the mai n function’s local age variable remains in the computer’s 
memory. 
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Figure 10-8 Desk-check table after the di spl ayAge function ends 


The system("pause") ; statement is processed next and pauses program 
execution until the user presses a key. After the user presses a key, the com¬ 
puter processes the return 0; statement on Line 20 in the mai n function. 
The statement returns the number 0 to the operating system to indicate that 
the program ended normally, and then the program ends. At this point, the 
computer removes the mai n function’s local age variable from its internal 
memory. Figure 10-9 shows a sample run of the age message program. 


Figure 10-9 Sample run of the age message program 


Passing Variables 

Instead of passing a variable’s value to a function, you can pass its address. 

In other words, you can pass the variable’s location in the computer’s inter¬ 
nal memory. As you learned earlier, passing a variable’s address is referred 
to as passing , and it gives the receiving function access to the 

variable being passed. You pass a variable when you want the 

receiving function to change the contents of the variable. To pass a variable 
in C++, you include an ampersand (&) before the name of the 
corresponding formal parameter in the receiving function’s header. The & 
(ampersand) is called the address-of operator, and it tells the computer to 
pass the variable’s address rather than a copy of its contents. If the receiving 
function’s definition appears below the mai n function in the program, you 
also must include the address-of operator in the receiving function’s proto¬ 
type. You enter the address-of operator immediately preceding the formal 
parameter’s name, just as you do in the function header. If the prototype does 
not include the formal parameter’s name, you enter a space followed by the 
address-of operator after the formal parameter’s data type. We’ll use a modi¬ 
fied version of the age message program (shown earlier in Figure 10-5) to 
illustrate the concept of passing . The modified program is shown 

in Figure 10-10, with the modifications shaded in the figure. In addition to 
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the di spl ayAge function included in the original program, the modified 
program defines and calls a void function named get Age. The function call, 
which appears on Line 15, passes the age variable by reference. You can tell 
that the variable is passed by reference because the address-of operator pre¬ 
cedes the formal parameter’s name in the get Age function’s header (on Line 
24) and in its prototype (on Line 8). Notice that the statement that calls a 
function does not indicate whether an item is passed by value or by reference. 
You can determine that information only by examining the parameterList in 
either the receiving function’s header or its prototype. Like the di spl ayAge 
function, the get Age function is a void function; therefore, its function call 
appears as a statement by itself. Here again, notice that the data type of the 
actual argument in the function call matches the data type of the formal 
parameter listed in both the function header and function prototype. Also 
notice that the name of the actual argument (age) is different from the name 
of the formal parameter (years). 


1 

2 

3 

4 

5 

6 

7 

8 


//Modified Age.cpp - displays the user’s age in a message 
//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 


//function prototypes 


address-of operator 


9 

void displayAgefint years); 

10 



11 

int main() 


12 

{ 


13 

int age = 0; 


14 

//get age 


15 

getAge(age); 


16 

//display age 

17 

displayAge(age); 

18 



19 

systemC'pause") ; 

20 

return 0; 


21 

} //end of main function 

22 



23 

//*****f unc ti on 

iefinitions***** 

24 

void getAge(int &years) 

25 

1 


26 

cout « "How 

old are you? 

27 

cin » years 


28 

} //end of getAge function 

29 



30 

void displayAgefint years) 

31 

{ 


32 

cout « "You 

are " « years 

33 

} //end of displayAge function 


you also can use voi d 
getAge(int &) ; 


address-of operator 


years old." « end!; 


Figure 10-10 Modified age message program 
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To help you understand the concept of passing by reference, you will desk- 
check the modified program shown in Figure 10-10, using the number 21 as 
the age. The first statement in the mai n function creates and initializes an 
i nt variable named age. The variable is local to the mai n function and will 
remain in memory until the mai n function ends. Figure 10-11 shows the 
desk-check table after the declaration statement is processed. 


mai n function's variable 


age 

o 



Figure 10-11 Desk-check table after the declaration statement in the mai n function 
is processed 

Next, the get Age (age) ; statement on Line 15 calls the getAge function, 
passing it the address of the age variable. At this point, the computer tempo¬ 
rarily leaves the mai n function to process the code contained in the getAge 
function, beginning with the function header. The formal parameter in the 
getAge function header indicates that the function receives the address of 
an i nt variable. When you pass a variable’s address to a function, the com¬ 
puter uses the address to locate the variable in its internal memory. It then 
assigns the formal parameter’s name to the memory location. In this case, the 
computer locates the age variable in memory and assigns the name years 
to it. As indicated in the desk-check table in Figure 10-12, the memory loca¬ 
tion now has two names: one assigned by the mai n function and the other 
assigned by the getAge function. Although both functions can access the 
memory location, each function uses a different name to do so. The mai n 
function uses the name age, whereas the getAge function uses the name 
years. 


this memory location 
now belongs to both 
functions 


years (getAge) 
age (rn.ai.iA.) 
o 


Figure 10-12 Desk-check table after the getAge function header is processed 

Next, the computer processes the two statements contained in the getAge 
function body. The statements prompt the user to enter an age and then 
store the user’s response (21) in the years variable. Figure 10-13 shows the 
desk-check table after the statements in the getAge function are processed. 
Notice that changing the value in the years variable also changes the value 
in the age variable. This is because both variable names refer to the same 
location in memory. 
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this memory location 
belongs to both 
functions 


years (getAge) 
age (ruaLiA,) 

& 

21 


Figure 10-13 Desk-check table after the statements in the getAge function are 
processed 

The getAge function ends when the computer encounters the function’s 
closing brace. At that point, the computer removes the name of the func¬ 
tion’s formal parameter (years) from the appropriate location in memory. 
Figure 10-14 shows the desk-check table after the getAge function ends. 


this memory location 
now belongs only to 
the mai n function 


years (getAge) 

age (rvcaLrc) 

& 

21 


Figure 10-14 Desk-check table after the getAge function ends 

After the getAge function ends, the computer returns to the mai n 
function to process the statement immediately following the one that 
called the getAge function. In this case, the computer will process the 
di spl ayAge(age) ; statement on Line 17. The statement calls the 
di spl ayAge function, passing it a copy of the value (21) stored in the age 
variable. You can tell that the age variable is passed by value, because there is 
no ampersand before the name of the formal parameter in the di spl ayAge 
function’s header and prototype. The computer temporarily leaves the mai n 
function to process the code contained in the di spl ayAge function, begin¬ 
ning with the function header. The di spl ayAge function header indicates 
that the computer should create one local i nt variable named years. The 
computer stores the value passed to the function in the years variable, as 
shown in Figure 10-15. 



Figure 10-15 Desk-check table after the computer processes the di spl ayAge 
function header 


































Passing Variables to a Function 


Next, the computer processes the cout statement contained in the 
di spl ayAge function body. The statement will display the message “You 
are 21 years old.” on the computer screen. When the computer encounters 
the di spl ayAge function’s closing brace, the function ends. The computer 
then removes the years variable from its internal memory. It then returns 
to the mai n function to process the system("pause") ; statement on Line 
19. Figure 10-16 shows the desk-check table after the di spl ayAge function 
ends. Only the mai n function’s local age variable remains in the computer’s 
memory. 




Figure 10-16 Status of the desk-check table after the di spl ayAge function ends 

The system("pause") ; statement pauses program execution until the user 
presses a key, after which the computer processes the return 0 ; statement 
on Line 20. The return statement returns the number 0 to the operating 
system to indicate that the program ended normally. When the program 
ends, the computer removes the mai n function’s local age variable from 
its internal memory. A sample run of the modified age message program is 
shown in Figure 10-17. 



Figure 10-17 Sample run of the modified age message program 

Keep in mind that when you pass a variable by value, the computer uses the 
data type and name of its corresponding formal parameter to create a sepa¬ 
rate memory location in which to store the value. When you pass a variable 
by reference, on the other hand, the computer locates the variable in memory 
and then assigns the name of its corresponding formal parameter to the 
memory location. When you pass a variable by reference, the variable will 
have two names: one assigned by the calling function and the other assigned 
by the receiving function. Void functions use variables that are passed by 
reference to send information back to the calling function. Value-returning 
functions, on the other hand, use their return value to send information back 
to the calling function. 


Only variables 
can be passed 
by reference. 
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The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


c. void getInput(double hours, double rate) 

d. void getInput(double %hours, double %rate) 

2. Which of the following statements can be used to call the getlnput 
function from Question 1, passing it the addresses of two doubl e 
variables named hoursWkd and payRate? 

a. getlnputf&hoursWkd, &payRate); 

b. getInput(hoursWkd, payRate); 

c. getInput(payRate &, hoursWkd &); 

d. getlnputfdouble &hoursWkd, double &payRate); 

3. Write the function prototype for the getlnput function from 
Question 1. 

4. When a variable is passed , the computer assigns the 

name of its corresponding formal parameter to the same location in 
memory. 

a. True 

b. False 


Mini-Quiz 10-2 

1. Which of the following is a valid function header for a void func¬ 
tion named getlnput? The function is passed the addresses of two 
doubl e variables. 

a. void getlnputfdouble &hours, double &rate) 

b. void getlnputf&double hours, &double rate) 


The Salary Program 

In the modified age message program (shown earlier in Figure 10-10), 
each function call passed one variable to its respective function. The 
get Age (age) ; statement passed the age variable to the 

getAge function, while the di spl ayAge(age) ; statement passed the age 
variable to the di spl ayAge function. The program you will view 

in this section contains a function call that passes more than one variable 
to a function. More specifically, it passes four variables: two and 

two . Figure 10-18 shows the problem specification for the sal¬ 

ary program. It also includes the IPO chart information and C++ instruc¬ 
tions for the program’s mai n and getNewPaylnfo functions. The program 
allows the user to enter an employee’s current salary and raise rate. It then 
calculates and displays the employee’s raise and new salary. Notice that the 
mai n function calls the getNewPaylnfo function to calculate the raise and 
new salary amounts. The mai n function passes four items of information to 
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the getNewPaylnfo function: the value of the current salary, the value of 
the raise rate, the address of the variable where the raise can be stored after 
it is calculated, and the address of the variable where the new salary can 
be stored after it is calculated. In other words, the mai n function passes its 
currentSal ary and rai seRate variables by value, and it passes its rai se 
and newSal ary variables by reference. 


Problem specification 

Create a program that allows the user to enter an employee’s current salary and raise 
rate. The program should calculate and display the employee’s raise and new salary. 

main function 

IPO chart information 

Inout 

current sal cry 
raise rate 

C++ instructions 

double currentSalary = 0.0; 
double raiseRate = 0.0; 


Processing 

IA/0IA/6 



OutDUt 

raise 

new salary 

double raise = 0.0; 
double newSalary = 0.0; 


Algorithm 

1. enter the current salary 
and raise rate 

cout « "Current salary: "; 
cin » currentSalary; 
cout « "Raise rate (in decimal 
cin » raiseRate; 

form): "; 

2. call the getNewPaylnfo 

functionto calculate the raise 
and new salary; pass the 
functionthe current salary 
and raise rate, as well as the 
addresses of variables in which 
to store the rcase and new salary 

getNewPaylnfo(currentSal ary, 
raiseRate, raise, newSalary); 


3 . display the raise and new salary 

cout « "Raise: $" « raise « endl ; 
cout « "New salary: $" « newSalary 
« endl ; 

qetNewPavInfo function 

IPO chart information 

Input 

current salary (formal-parameter) 
raise rate (forvualyarawieter) 
addresses of variables to store: 
raise (formal-parameter) 
new salary (formal-parameter) 

C++ instructions 

double current 
double rate 

double &increase 
double &pay 




Figure 10-18 Problem specification, IPO chart information, and C++ instructions for the 
salary program (continues) 













chapter lommssm 


(continued) 


Processing 


\A0\At 


Output 


raise 

stored Iia. the Increase formal parameter 

mvj salary 

stored Iia, the pay fornA.alparam.eter 

Algorithm 


t. oaloi/tlate the raise by 

increase = current * rate; 

multiply Iia .0 tine currant 


salary by tbe raise rate 


2. oal&ulate the iA,ew salary 

pay = current + increase; 

by adding the raise to the 


current salary 




Figure 10-18 Problem specification, IPO chart information, and C++ instructions for the salary 
program 


Figure 10-19 shows the C++ code for the entire salary program. The 
getNewPaylnfo function’s prototype, call, and header are shaded in the 
figure. Recall that the names of the formal parameters are optional in a func¬ 
tion prototype. Therefore, you also could write the function prototype in 
Figure 10-19 as follows: vo i d getNewPayInfo(doubl e, double, double 
&, doubl e &) ;. Figure 10-20 shows a sample run of the salary program. 


1 

2 

3 

4 

5 

6 

7 

8 


//Salary.cpp - displays the raise and new salary 
//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <iomanip> 
using namespace std; 

//function prototype 


9 

void getNewPaylnfo(double current, double rate, 

10 


double &increase, double &pay); 

11 



12 

int 

main() 

13 

{ 


14 


//declare variables 

15 


double currentSalary = 0.0; 

16 


double raiseRate = 0.0; 

17 


double raise = 0.0; 

18 


double newSalary = 0.0; 

19 



20 


//get input items 

21 


cout « "Current salary: "; 

22 


cin » currentSalary; 

23 


cout « "Raise rate (in decimal form): "; 

24 


cin » raiseRate; 

25 




Figure 10-19 Salary program (continues) 
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(continued) 


26 


//get the raise and new salary 

27 


getNewPaylnfo(currentSal ary, raiseRate, 

28 


raise, newSalary); 

29 



30 


//display the raise and new salary 

31 


cout « fixed « setpreci sion(2) ; 

32 


cout « "Raise: $" « raise « endl; 

33 


cout « "New salary: $" « newSalary « endl; 

34 



35 


system("pause"); 

36 


return 0; 

37 

} 

//end of main function 

38 



39 

//* 

****function defini tions***** 

40 

void getNewPaylnfofdouble current, double rate, 

41 


double &increase, double &pay) 

42 

{ 


43 


increase = current * rate; 

44 


pay = current + increase; 

45 

} 

//end of getNewPaylnfo function 



Figure 10-19 Salary program 



Figure 10-20 Sample run of the salary program 


You will desk-check the salary program using $36275 and .05 as the current 
salary and raise rate, respectively. The first four statements in the mai n func¬ 
tion create and initialize four doubl e variables named currentSal ary, 
rai seRate, rai se, and newSal ary. The next four statements prompt the 
user to enter the current salary and raise rate, storing the user’s responses 
in the currentSal ary and rai seRate variables. Figure 10-21 shows the 
desk-check table after the computer processes the first eight statements in 
the mai n function. 


curreivfcsaUiry 

rai&eRUte (rn.at.iA,) raise (ru.at.iA,) 

newSalary (ruaLtA,) 


en& 0.0 

0.0 

362 jr-5.0 

.05 



Figure 10-21 Desk-check table after the statements on Lines 15 through 24 are 
processed 
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Next, the computer processes the getNewPayInfo(currentSalary, 
rai seRate, rai se, newSal ary) ; statement. The statement calls the 
getNewPaylnfo function, passing it four variables. The currentSal ary 
and rai seRate variables are passed by value, because the getNewPaylnfo 
function needs to know the values stored in the variables, but it does not 
need to change those values. You can tell that the variables are passed by 
value, because their corresponding formal parameters (which are listed in 
the function header and function prototype) do not contain an ampersand. 
The rai se and newSal ary variables, on the other hand, are passed by 
reference, as the ampersand in their formal parameters indicates. It is neces¬ 
sary to pass the rai se and newSal ary variables by reference, because the 
getNewPaylnfo function needs to store the raise and new salary amounts 
in those memory locations after the amounts are calculated. At this point, 
the computer temporarily leaves the mai n function to process the code 
contained in the getNewPaylnfo function, beginning with the function 
header. When processing the doubl e current, double rate portion 
of the function header, the computer creates two doubl e memory locations 
named current and rate. It stores the value of the currentSal ary vari¬ 
able (36275.0) in the current memory location and stores the value of the 
rai seRate variable (.05) in the rate memory location. When processing 
the double &increase, double &pay portion of the function header, 
the computer assigns the name i ncrease to the mai n function’s rai se 
variable and assigns the name pay to the mai n function’s newSal ary vari¬ 
able. Figure 10-22 shows the desk-check table after the computer processes 
the getNewPaylnfo function header. 




increase (getNewPayIwfo) 

pay (getNewPay Iwfo) 

currerstsalary (malir,) 

raLseRate (vu.nlvC) 

raise (m,atw) 

wewsalary (wiatw.) 


9^0 

0.0 

0.0 

3&2 J-5.0 

.05 



current (getNewPayimfo) 

rate (getNewPay 

vfo) 


3&2l?5.0 

.05 




Figure 10-22 Desk-check table after the computer processes the getNewPaylnfo function header 

The statements contained in the getNewPaylnfo function body are pro¬ 
cessed next. The first statement multiplies the contents of the current 
variable by the contents of the rate variable and then assigns the result 

(1813.75) to the i ncrease variable. The second statement adds together the 
contents of the current and i ncrease variables and then assigns the sum 

(38088.75) to the pay variable. Figure 10-23 shows the desk-check table after 
the computer processes the statements in the getNewPaylnfo function 
body. 
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389 


When the computer encounters the getNewPaylnfo function’s closing 
brace, the function ends. The computer then removes the i ncrease and 
pay names from the appropriate locations in memory. It also removes the 
getNewPaylnfo function’s current and rate variables from memory. 
Figure 10-24 shows the desk-check table after the getNewPaylnfo function 
ends. Notice that only the mai n function’s variables remain in the computer’s 
memory. 




U Airease (getNewpnyii/vfo) 

•pay (getNewPay liA,fb) 

curreiAtSalary (wraliA.) 

ralseRnte (woL ia.) 

raise (wraliA.) 

iA.ewsnlnry (rn.at.iA,) 

£hO 




362 J5.0 

.05 

1213 ,J5 

3&OSS.J-5 

current (getNewPay liA,-fo) 

rate (getNewpay 

llA-f 6) 


3O0LJ5.O 

.05 




Figure 10-23 Desk-check table after the computer processes the statements in the getNewPaylnfo 
function body 



After the getNewPaylnfo function ends, the computer returns to the mai n 
function and processes the statement immediately following the function 
call. In this case, it processes the cout « fixed « setpreci si on (2) ; 
statement on Line 31. The statement tells the computer to display real num¬ 
bers using fixed-point notation with two decimal places. Next, the computer 
processes the cout statements on Lines 32 and 33. Those statements display 
the raise and new salary amounts on the screen. The system("pause") ; 
statement on Line 35 is processed next, followed by the return 0 ; state¬ 
ment on Line 36. When the mai n function ends, the computer removes 
the function’s local variables (currentSal ary, raiseRate, raise, and 
newSal ary) from memory. 


Mini-Quiz 10-3 

1. Write the function header for a void function named cal cTaxes. 
The function is passed the value of a doubl e variable named gross 
and the addresses of two doubl e variables named federal and 
state. Use pay, fedTax, and stateTax for the names of the formal 
parameters. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 
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2. Write a C++ statement to call the cal cTaxes function from 
Question 1? 

3. Write the function prototype for the cal cTaxes function from 
Question 1. 

4. Unless specified otherwise, a variable’s address is passed to a function 
in C++. 

a. True 

b. False 


The answers to 
the labs are 
^ located in 
Appendix A. 



AB 10-1 Stop and Analyze 


Figure 10-25 shows a sample run of the program for Lab 10-1, and 
Figure 10-26 shows the program’s code. Study the program shown 
in Figure 10-26, and then answer the questions. 



Figure 10-25 Sample run of the program for Lab 10-1 


1 //Labl0-1.cpp - Converts American dollars to 

2 //British pounds, Mexican pesos, or Japanese yen 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <iomanip> 

7 using namespace std; 

8 

9 //function prototypes 
10 void displayMenuQ; 


Figure 10-26 Code for Lab 10-1 (continues) 
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(continued) 


11 

void convertDols(double dollars, 

12 


double convertRate, 

13 


double &converted); 

14 



15 

int 

main() 

16 

{ 


17 


//declare constants 

18 


const double BRITISH_RATE = .630676; 

19 


const double MEXICAN_RATE = 13.5584; 

20 


const double 3APANESE_RATE = 88.7626; 

21 



22 


//declare variables 

23 


int menuChoice = 0; 

24 


double americanDollars = 0.0; 

25 


double conversionRate = 0.0; 

26 


double convertedCurrency = 0.0; 

27 



28 


//display output in fixed-point notation 

29 


//with two decimal places 

30 


cout « fixed « setpreci sion(2) ; 

31 



32 


//get menu choice 

33 


displayMenuO ; 

34 


cout « "Enter 1, 2, 3, or 4: "; 

35 


cin » menuChoice; 

36 



37 


while (menuChoice > 0 && menuChoice < 4) 

38 


{ 

39 


//get dollars to convert 

40 


cout « "Number of American dollars: "; 

41 


cin » americanDollars; 

42 



43 


//assign rate 

44 


if (menuChoice == 1) 

45 


conversionRate = BRITISH_RATE; 

46 


else if (menuChoice == 2) 

47 


conversionRate = MEXICAN_RATE; 

48 


el se 

49 


conversionRate = 3APANESE_RATE; 

50 


//end if 

51 



52 


convertDols(americanDol 1 ars, 

53 


conversionRate, 

54 


convertedCurrency); 

55 


cout « « convertedCurrency 

56 


« endl « endl; 

57 



58 


//get menu choice 

59 


displayMenuO ; 

60 


cout « "Enter 1, 2, 3, or 4: "; 

61 


cin » menuChoice; 

62 


} //end while 


Figure 10-26 Code for Lab 10-1 (continues) 








chapter 10 mmssm 


(continued) 


63 



64 


system("pause") ; 

65 


return 0; 

66 

} 

//end of main function 

67 



68 

//■•■•' 

****function defini tions***** 

69 

voi 

d displayMenuO 

70 

{ 


71 


cout « "1 British pounds" « endl; 

72 


cout « "2 Mexican pesos" « endl; 

73 


cout « "3 Japanese yen" « endl; 

74 


cout « "4 Stop program" « endl; 

75 

} 

//end of displayMenu function 

76 



77 

voi 

d convertDols(double dollars, 

78 


double convertRate, 

79 


double &converted) 

80 

{ 


81 


converted = dollars * convertRate; 

82 

} 

//end of convertDols function 



Figure 10-26 Code for Lab 10-1 


QUESTIONS 

1. The mai n function passes three variables to the convertDol s func¬ 
tion. Which lines in the program indicate whether the variables are 
passed by value or by reference ? 

Why are the ameri canDol s and conversionRate variables passed 
by value ? Why is the convertedCurrency variable passed by 
reference ? 

. Why is the di spl ayMenu function a void function? 

. Which line in the program contains the priming read? Which line 
contains the update read? 

5. The convertDol s function in Figure 10-26 is a void function. How 
would you modify the function to make it a value-returning function? 
What other changes would you need to make to the program? 

6 . Follow the instructions for starting C++ and opening the LablO-l.cpp 
file. The file is contained in either the Cpp6\ChaplO\LablO-l Project 
folder or the Cpp6\ChaplO folder. Run the program. First, you will 
use the program to convert 100 American dollars to Japanese yen. 
Type 3 and press Enter, and then type 100 and press Enter. The pro¬ 
gram displays the number 8876.26, as shown earlier in Figure 10-25. 

Use the program to convert 50 American dollars to British pounds. 
What is the answer? 

8 . Use the program to convert 10 American dollars to Mexican pesos. 
What is the answer? 
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9. Modify the program so that it uses a void function to assign the con¬ 
version rate. Name the function as si gnRate. Save and then run the 
program. Test the program using the data from Steps 6, 7, and 8. 

10. Now, change the convertDol s function to a value-returning func¬ 
tion. (Refer to Step 5.) Save and then run the program. Test the 
program using the data from Steps 6, 7, and 8. 




AB 10-2 Plan and Create 


In this lab, you will plan and create an algorithm for Addison 
Clarke. The problem specification and a sample calculation are 
shown in Figure 10-27. 


Addison Clarke works for her local electric company. She wants a program that 
calculates a customer’s electric bill. Addison will enter the current and previous 
meter readings. The program should calculate and display the number of units 
of electricity used and the total charge for the electricity. The charge for each 
unit of electricity is $0.09. 


Example 

Current reading: 53512 
Previous reading: 51875 
Units used: 1637 

Charge per unit: * .09 
Total charge: $147.33 


Figure 10-27 Problem specification and a sample calculation for Lab 10-2 


First, analyze the problem, looking for the output first and then for the input. 
In this case, Addison wants the program to display the number of units of 
electricity used and the total charge for the electricity. To calculate these 
amounts, the computer will need to know the previous meter reading, the 
current meter reading, and the charge per unit of electricity. Next, plan the 
algorithm. Recall that most algorithms begin with an instruction to enter 
the input items into the computer, followed by instructions that process the 
input items, typically including the items in one or more calculations. Most 
algorithms end with one or more instructions that display, print, or store the 
output items. In this program, you will use three program-defined void func¬ 
tions named getlnput, calcBi 11 , and di spl ayBi 11 . Each void function 
will be called by the program’s mai n function. The getlnput function will 
get the current and previous meter readings from the user. A void function 
is appropriate in this case because the getlnput function needs to get two 
values for the mai n function, and a value-returning function can return only 
one value. The cal cBi 11 function will be responsible for calculating both 
the number of units used and the total charge. Here again, a void function 
is appropriate because the cal cBi 11 function needs to calculate more than 
one value for the mai n function. The di spl ayBi 11 function will perform 
the task of displaying both the number of units used and the total charge. The 
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di spl ayBi 11 function should be a void function because it will not need 
to return a value to the mai n function after completing its task. Figure 10-28 
shows the IPO charts for the program’s mai n, getlnput, cal cBi 11 , and 
di spl ayBi 11 functions. Notice that the getlnput function will be passed 
the addresses of variables that it can use to store the current and previous 
meter readings. The cal cBi 11 function will be passed five items: the cur¬ 
rent reading, the previous reading, the unit charge, the address of a variable 
that it can use to store the number of units used, and the address of a vari¬ 
able that it can use to store the total charge. The first three items are neces¬ 
sary to calculate the number of units used and the total charge. The last two 
items provide memory locations in which to store the calculated results. The 
di spl ayBi 11 function will be passed two items: the number of units used 
and the total charge. 


main function 

Input 

current reading 
previous reading 
unit charge (. 05 ) 


Processing Output 

Processing Items: none units used 

total charge 


Algorithm.: 

1 . call the getlnput function 

to get the current reading and 
previous reading, pass the 
functlonthe addresses of 
variables In which to store 
the cumiA ,t reading and 
previous reading 

2 . call the calcB.111 function 
to calculate the units used 
and total charge, pass the 
functlonthe curr&iA. t reading, 
previous reading, and unit 
charge, as well as the addresses 
of variables In which to 

store the units used and 
total charge 

3 . call the dlsplayB.111 function 
to display the units used and 
total charge, pass the function 
the units used and total charge 


getlnput function 

Input 

addresses of variables 
to store: 

curniA ,t reading 
previous reading 


Processing 

Processing Items: none 


Algorithm.: 

1. enter the current reading 

2 . enter the previous reading 


Output 

cumiA ,t reading 
previous reading 


Figure 10-28 IPO charts for the functions in the electric bill program (continues) 
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(continued) 


calcBill function 

Input 

Processing 

Output 

currei/bt reading 

Processing Items: none 

units used 

previous reading 
uiA.lt charge 

addresses of variables to store: 
units used 
total charge 

Algorithm.: 

1. calculate the units used 

by subtracting the previous 
reading from the current readlno 

2 . calculate the total charge 
by multiplying the units 
used by the unit charge 

total charge 

disnlavBill function 

Input 

Processing 

Output 

units used 

Processing Items: none 

units used 

total charge 

Algorithm: 

1. display the units used 

2 . display the total charge 

total charge 



Figure 10-28 IPO charts for the functions in the electric bill program 


After completing the IPO charts, you then move on to the third step in the 
problem-solving process, which is to desk-check the algorithm. You will 
desk-check the algorithms in Figure 10-28 using 53512 and 51875 as the cur¬ 
rent and previous meter readings. Using these values, the number of units 
used and total charge should be 1637 and $147.33, respectively. Figure 10-29 
shows the completed desk-check table. 


current readli/i 0 (get input) 

cumiA .t reading (main) 

previous reading (get input) 

previous reading (main) 

unit charge (main) 

5351.Q. 

SLS^S 

.09 

units used (calc~g.Ul) 

total charge (calcBill) 


units used (main) 

total charge (main) 


ife3 y- 

14A.33 




Figure 10-29 Completed desk-check table for the electric bill algorithms 
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The fourth step in the problem-solving process is to code the algorithm into 
a program. The IPO chart information and C++ instructions for the electric 
bill program are shown in Figure 10-30. 


mai n function 


IPO chart information 

C++ instructions 

Input 


current read!ng 

int current = 0; 

previous reading 

fnt previous = 0; 

unit charge (. 05 ) 

const double UNIT_CHG = .09; 

Processing 


none 


Output 


units used 

int units = 0; 

total charge 

double total = 0.0; 

Algorithm 


1 . call the getli+put function to 

getlnputfcurrent, previous); 

get the current reading and 


previous reading, pass the function 


the addresses of variables in which 


to store the current reading 


and previous reading 


2 . call the calcBill function to 

calcBill(current, previous, 

calculate the units used and 

UNIT_CHG, units, total); 

total charge, pass the function 


the current reading, previous 


reading, and unit charge, as well 


as the addresses of variables in 


which to store the units used 


and total charge 


3 . call the displayBill function to 

displayBi11(units, total); 

display the units used and total 


charge, pass the function the units 


used and total charge 


aetlnout function 


IPO chart information 

C++ instructions 

Input 


addresses of variables to store: 


current reading (forrw.alpararu.eter) 

int &newReading 

previous reading (formalparameter) 

int &oldReading 

Processing 


MM 


Output 


cumiA ,t reading 

stored in the newReading formal 


parameter 

previous reading 

stored in the oldReading formal 


parameter 



Figure 10-30 IPO chart information and C++ instructions for the electric bill program 
(continues) 


















The Salary Program 


(continued) 


Algorithm 

l. enter the current reading 

cout « "Current reading: 
cin » newReading; 

2 . enter the previous reading 

cout « "Previous reading: 
cin » oldReading; 

calcBill function 

IPO chart information 

Input 

C++ instructions 

current reading (form.fil -parameter) 

int curRead 

previous reading (-formal parameter) 

int prevRead 

unit charge (formal-parameter) 
addresses of variables, to store: 

double chgPerllnit 

units used (formal parameter) 

int &numllnits 

total charge (formal parameter) 

Processing 

MM 

double &totChg 

Output 

units used 

stored In. the numnnits formal 
parameter 

total charge 

stored In. the totc-hg formal 
parameter 

Algorithm 

l. calculate the units used by 

numllnits = curRead 

subtracting the previous reading 
from, the current readln.g 

- prevRead; 

2 . calculate the total charge by 

totChg = numUnits 

multiplying the units used 
by the unit charge 

* chgPerllnit; 

disolayBill function 

IPO chart information 

Input 

C++ instructions 

units used (formal parameter) 

int used 

total charge (formalparameter) 

Processing 

MM 

Output 

units used 
total charge 

double charge 

Algorithm 

l. display the unit used 

cout « "Units used: " 

« used « endl; 

2 . display the total charge 

cout « "Total charge: $" 

« charge « endl; 


Figure 10-30 IPO chart information and C++ instructions for the electric bill program 
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The fifth step in the problem-solving process is to desk-check the program. 
Figure 10-31 shows the entire electric bill program, and Figure 10-32 shows 
the completed desk-check table. 


1 

//Labl0-2.cpp - displays the number of units of 

2 

//electricity used and the total 

charge 

3 

A 

//Created/revised by <your names 

on <current dates 

5 

#include <iostream> 


6 

#include <iomanip> 


7 

Q 

using namespace std; 


9 

//function prototypes 


10 

void getlnput(int &newReading, int &oldReading); 

11 

void calcBill(int curRead, int prevRead, 

12 

double chgPerUnit, 

int &numUnits, 

13 

double &totChg); 


14 

void displayBi11(int used, double charge); 

15 



16 

int main() 


17 

{ 


18 

//declare constant and variables 

19 

const double UNIT_CHG = .09; 


20 

int current = 0; 


21 

int previous = 0; 


22 

int units = 0; 


23 

double total = 0.0; 


24 



25 

cout « fixed « setprecision(2) ; 

26 



27 

//call functions 


28 

getlnput(current, previous); 


29 

calcBill(current, previous, UNIT_CHG, units, total); 

30 

displayBi11(units, total); 


31 


your C++ development 


32 

systemC'pause") ; - 

tool may not require 


33 

return 0; 

this statement 


34 

} //end of main function 


35 



36 

//*****function defini ti ons***** 


37 

void getlnput(int &newReading, int &oldReading) 

38 

{ 


39 

cout « "Current reading: "; 


40 

cin » newReading; 


41 

cout « "Previous reading: "; 


42 

cin » oldReading; 


43 

} //end of getlnput function 


44 



45 

void calcBill(int curRead, int prevRead, 

46 

double chgPerUnit, 

int &numUnits, 

47 

double &totChg) 


48 

{ 


49 

numllnits = curRead - prevRead; 



Figure 10-31 Electric bill program (continues) 














The Salary Program 


(continued) 


50 


totChg = numUnits * chgPerUnit; 

51 

52 

} 

//end of calcBill function 

53 

void displayBi11(int used, double charge) 

54 

{ 


55 


cout « "Units used: " « used « endl; 

56 


cout « "Total charge: $" « charge « endl; 

57 

} 

//end of displayBi11 function 



Figure 10-31 Electric bill program 



The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project LablO-2 Project and save it in the Cpp6\ChaplO 
folder. Enter the instructions shown in Figure 10-31 in a source file named 
Labl0-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\ChaplO folder. Now, follow the appropriate instruc¬ 
tions for running the Labl0-2.cpp file. Test the program using 53512 and 
51875 as the current and previous meter readings. The number of units used 
and the total charge should be 1637 and $147.33, respectively. Also test the 
program using your own sample data. If necessary, correct any bugs (errors) 
in the program. 
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1 


AB 10-3 Modify 


If necessary, create a new project named LablO-3 Project. Enter 
(or copy) the Labl0-2.cpp instructions into a new source file 
named Labl0-3.cpp. Change Labl0-2.cpp in the first comment 
to Labl0-3.cpp. Currently, the electric bill program uses one void function 
to calculate both the number of units used and the total charge. Replace the 
cal cBi 11 function with two functions: a void function that calculates the 
number of units used and a value-returning function that calculates and 
returns the total charge. Name the functions getllni ts and getTotal . Save 
and then run the program. Test the program appropriately. 



.AB 10-4 Desk-Check 


Desk-check the code in Figure 10-33 using the following four sets 
of test scores: 78 and 85, 45 and 93, 87 and 98, and 54 and 32. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


//LablO-4.cpp - displays the average test score 
//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <iomanip> 
using namespace std; 


//function prototype 

void calcAvg(double numl, double num2, double &avg); 


int main() 

{ 

//declare variables 
double testl =0.0 
double test2 =0.0 
double average =0.0 


cout « "First test score 

cout « "(negative number to end): 

cin » testl; 

while (testl >= 0) 

{ 

cout « "Second test score: " 
cin » test2; 


ii . 


//call function to calculate the average 
calcAvg(testl, test2, average); 


//display the average 
cout « fixed « setpreci sion(l); 
cout « "Average score: " « average 
« end! « end! ; 


Figure 10-33 Code for Lab 10-4 (continues) 











Summary 


33 



34 


cout « "First test score 

35 


cout « "(negative number to end): 

36 


cin » testl; 

37 


} //end while 

38 



39 


system("pause"); 

40 


return 0; 

41 

} 

//end of main function 

42 



43 

//** 

***function defini tions***** 

44 

voi c 

calcAvg(double numl, double num2, double &avg) 

45 

{ 


46 


avg = (numl + num2) / 2; 

47 

} 

//end of calcAvg function 



Figure 10-33 Code for Lab 10-4 



1 


AB 10-5 Debug 


Follow the instructions for starting C++ and opening the 
Labl0-5.cpp file. The file is contained in either the Cpp6\ChaplO\ 
LablO-5 Project folder or the Cpp6\ChaplO folder. Run the pro¬ 
gram. Enter the following scores: 93, 90, 85, and 100. The program should 
display 368 as the total points and A as the grade. Debug the program. 


Summary 

All functions fall into one of two categories: value-returning or void. A value¬ 
returning function returns precisely one value to the statement that called 
the function. A void function, on the other hand, does not return a value. 

Like a value-returning function, a void function is composed of a function 
header and a function body. However, unlike a value-returning function, 
the function header for a void function begins with the keyword void 
rather than with a data type. Also unlike a value-returning function, the 
function body for a void function does not contain a return statement. 

As you do when calling a value-returning function, you call a void func¬ 
tion by including its name and actual arguments (if any) in a statement. 
However, unlike a call to a value-returning function, a call to a void func¬ 
tion appears as a statement by itself rather than as part of another state¬ 
ment. When the computer finishes processing a void function’s code, it 
continues program execution with the statement immediately below the 
one that called the function. 
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Variables can be passed to functions either (the default) or 

When you pass a variable , only a copy of the value stored inside 

of the variable is passed to the receiving function. The receiving function is 
not given access to a variable passed , so it cannot change the vari¬ 

able’s contents. 

When you pass a variable , the computer uses the data type and 

name of the corresponding formal parameter to create a separate memory 
location in which to store a copy of the value. 

When you pass a variable , the variable’s address in memory is 

passed to the receiving function, allowing the receiving function to change 
the variable’s contents. Only variables can be passed 

When you pass a variable , the computer locates the variable in 

memory and then assigns the name of its corresponding formal parameter 
to the memory location. Therefore, the variable will have two names: one 
assigned by the calling function and the other assigned by the receiving 
function. 

To pass a variable in a C++ program, you include the 

address-of operator (&) before the name of the corresponding formal 
parameter in the function header. If the function definition appears below 
the mai n function in the program, you also must include the address-of 
operator in the function prototype. The address-of operator tells the com¬ 
puter to pass the variable’s address rather than its contents. 

Key Terms 

&—the address-of operator 

Address-of operator —the ampersand; tells the computer to pass a variable’s 
address in memory rather than its contents 

Passing —refers to the process of passing a variable’s address to 

a function 

Void functions —functions that do not return a value after completing their 
assigned task 

Review Questions 

1. Which of the following is false? 

a. A void function does not return a value after completing its 
assigned task. 

b. A void function call typically appears as its own statement in a 
C++ program. 

c. A void function cannot receive any items of information when it 
is called. 


d. A void function header begins with the keyword voi d. 








Review Questions 


2. Which of the following C++ statements correctly calls a void function 
named di spl ayTotal, passing it an i nt variable named total ? 

a. cout « di spl ayTotal (i nt total); 

b. cout « displayTotal(total); 

c. di spl ayTotal (i nt total); 

d. di spl ayTotal (total) ; 

3. A void function named cal cEndi ngBal ance is passed the values 
stored in two i nt variables. Which of the following function proto¬ 
types is correct for this function? 

a. void cal cEndi ngBal ance(i nt, int); 

b. void cal cEndi ngBal ance(i nt, int) 

c. void cal cEndi ngBal ance(i nt &, int &) ; 

d. int cal cEndi ngBal ance(voi d) ; 

4. A void function named cal cEndi nglnventory is passed four 

i nt variables named begi nlnventory, sal es, purchases, and 
endi nglnventory. The function’s task is to calculate the end¬ 
ing inventory, using the beginning inventory, sales, and purchase 
amounts passed to the function. The function should store the result 
in the endi nglnventory variable. Which of the following function 
headers is correct? 

a. void calcEndinglnventory(int b, int s, int p, int &e) 

b. void calcEndinglnventory(int b, int s, int p, int e) 

c. void cal cEndi ngInventory(int &b, int &s, int &p, int e) 

d. void cal cEndi nglnventory (&int b,&int s,&int p,&int e) 

5. Which of the following statements calls the cal cEndi nglnventory 
function described in Review Question 4? 

a. calcEndinglnventory(int, int, int, int); 

b. calcEndingInventory(beginlnventory, sales, 
purchases, &endinglnventory); 

c. calcEndingInventory(beginlnventory, sales, 
purchases, endinglnventory); 

d. calcEndingInventory(int beginlnventory, int 
sales, int purchases, int &endinglnventory); 

6. Unless specified otherwise, variables in C++ are 

passed_. 

a. by address 

b. by number 

c. by reference 

d. by value 


403 
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7. If you want the receiving function to change the contents of a 

variable, you must pass the variable_. 

a. by address 

b. by number 

c. by reference 

d. by value 

8. To determine whether an item is being passed by value or by 

reference, you must examine either the_or 

the_. 

a. function call, function header 

b. function call, function prototype 

c. function header, function prototype 

d. function header, function body 

9. Which of the following calls a void function named di spl ayName, 
passing it no actual arguments? 

a. call di spl ayNameC) ; 

b. di spl ayName; 

c. di spl ayName() 

d. di spl ayNameO ; 

10. Which of the following is a correct function prototype for a void 
function that requires no formal parameters? The function’s name is 
di spl ayName. 

a. di spl ayNameO ; 

b. void di spl ayName; 

c. void di spl ayNameO ; 

d. void displayName(none); 

11. When a void function ends, the computer continues program 

execution with_. 

a. the statement immediately above the one that called the function 

b. the statement that called the function 

c. the statement immediately below the one that called the function 

12. If the function definitions section is located below the mai n function 
in a program, the program will have one function prototype for each 
program-defined function. 

a. True 

b. False 












Review Questions 


13. Variables that can be used only by the function in which they are 

declared are called_variables. 

a. global 

b. local 

c. separate 

d. void 

14. Which of the following is false? 

a. When you pass a variable by reference, the receiving function can 
change the variable’s contents. 

b. When you pass a variable by value, the receiving function creates 
a local variable that it uses to store the value. 

c. Unless specified otherwise, all variables in C++ are passed by value. 

d. To pass a variable by reference in C++, you place an ampersand (&) 
before the variable’s name in the statement that calls the function. 

15. A program contains a void function named cal cNewPri ce. The func¬ 
tion receives two doubl e variables named ol dPri ce and newPri ce. 
The function multiplies the contents of the oldPrice variable by 1.1 
and then stores the result in the newPri ce variable. Which of the fol¬ 
lowing is the appropriate function prototype for this function? 

a. void cal cNewPri ce(doubl e, double); 

b. void cal cNewPri cefdoubl e &, double); 

c. void cal cNewPri cefdoubl e , double &) ; 

d. void cal cNewPri ce(doubl e &, double &) ; 

16. Which of the following can be used to call the cal cNewPri ce 
function described in Review Question 15? 

a. cal cNewPri ce(doubl e oldPrice, double newPrice); 

b. cal cNewPri ce(&ol dPri ce, newPrice); 

c. cal cNewPri ce(ol dPri ce, &newPrice); 

d. cal cNewPri ce(ol dPri ce , newPrice); 

17. Which of the following is false? 

a. The names of the formal parameters in the function header must be 
identical to the names of the actual arguments in the function call. 

b. When listing the formal parameters in a function header, you 
include each parameter’s data type and name. 

c. The formal parameters should be the same data type as the actual 
arguments. 

d. If a function call passes an i nt variable first and a char variable 
second, the receiving function should receive an i nt variable 
followed by a char variable. 
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Exercises 


TRY THIS 



Pencil and Paper 


1. Write the C++ code for a void function that receives an integer 
passed to it. The function should divide the integer by two and then 
display the result, which may contain a decimal place. Name the func¬ 
tion di vi deByTwo. Name the formal parameter whol eNumber. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 


TRY THIS 


TRY THIS 


MODIFY THIS 


INTRODUCTORY 


INTERMEDIATE 


2. Write the function prototype for the di vi deByTwo function from 
Pencil and Paper Exercise 1. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 

3. Write a statement that calls the di vi deByTwo function from Pencil 
and Paper Exercise 1, passing the function the contents of the total 
variable. (The answers to TRY THIS Exercises are located at the end 
of the chapter.) 

4. Rewrite the code from Pencil and Paper Exercises 1, 2, and 3 so that 
the di vi deByTwo function receives two integers rather than one 
integer. The function should divide the sum of both integers by two 
and then display the result. Name the formal parameters numl and 
num2. Name the actual arguments total 1 and total 2. 

5. Write the C++ code for a void function that receives three doubl e 

variables: the first two and the last one . Name 

the formal parameters nl, n2, and answer. The function should 
divide the nl variable by the n2 variable and then store the result in 
the answer variable. Name the function cal cQuoti ent. Also write 
an appropriate function prototype for the cal cQuoti ent function. 
In addition, write a statement that invokes the cal cQuoti ent func¬ 
tion, passing it the numl, num2, and quoti ent variables. 

6. Write the C++ code for a void function that receives four i nt vari¬ 
ables: the first two and the last two . Name the 

formal parameters nl, n2, sum, and di ff. The function should cal¬ 
culate the sum of the two variables passed and then store 

the result in the first variable passed . It also should 

calculate the difference between the two variables passed 

and then store the result in the second variable passed 
When calculating the difference, subtract the contents of the n2 
variable from the contents of the nl variable. Name the function 
cal cSumAndDi f f . Also write an appropriate function prototype for 
the cal cSumAndDi f f function. In addition, write a statement that 
invokes the cal cSumAndDi ff function, passing it the numl, num2, 
numSum, and numDi ff variables. 








Exercises 


7. Write the C++ code for a function that receives five doubl e num- INTERMEDIATE 

bers: four by value and one by reference. Name the formal parameters 

numl, num2, num3, num4, and avg. The function should calculate the 
average of the four numbers and then assign the result to the avg 
variable. Name the function cal cAverage. Also write an appropriate 
function prototype for the cal cAverage function. In addition, write 
a statement that invokes the cal cAverage function. Use the follow¬ 
ing numbers and variable as the actual arguments: 45.67, 8.35, 125.78, 

99.56, and numAvg. 

8. Desk-check the program shown in Figure 10-34. Show the desk-check INTERMEDIATE 
table after the first four statements in the mai n function are pro¬ 
cessed. Also show it after the statement in the cal cEnd function is 

processed. Finally, show the desk-check table after the cal cEnd func¬ 
tion ends. 


1 

//Figl0-34.cpp - 

displays the ending balance 

2 

//Created/revi sec 

by <your name> on <current date> 

4 

#include <iostream> 

5 

a 

using namespace std; 

7 

void calcEnd(int 

beg, int pur, 

8 

Q 

int 

sale, int &ending); 

10 

int main() 


11 

{ 


12 

int begVal 

= 1000; 

13 

int purchase 

= 500; 

14 

int sale 

= 200; 

15 

int endVal 

= 0; 

16 



17 

calcEndfbegVal, purchase, sale, endVal); 

18 



19 

cout « "Ending value: " « endVal « end!; 

20 



21 

systemC'pause 

"); 

22 

return 0; 


23 

} //end of main 

function 

24 



25 

//*****function defini tions***** 

26 

void calcEnd(int 

beg, int pur, 

27 

int 

sale, int Sending) 

28 

{ 


29 

ending = beg 

+ pur - sale; 


Figure 10-34 


9. A program’s mai n function declares three doubl e variables named SWAT THE BUGS 

sal es, taxRate, and sal esTax. The mai n function contains 
the following statement: cal cSal esTax (sal es , taxRate, 
sal esTax) ;. The cal cSal esTax function is responsible for 
calculating the sales tax. Its function header looks like this: voi d 
calcSalesTax(double sold, double rate, double tax). 

Correct the function header. 
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Computer 


TRY THIS 10. In this exercise, you experiment with passing variables by value and 

by reference. (The answers to TRY THIS Exercises are located at the 
end of the chapter.) 

a. Follow the instructions for starting C++ and opening the 
TryThislO.cpp file. The file is contained in either the Cpp6\ 
ChaplO\TryTTiislO Project folder or the Cpp6\ChaplO folder. 
Notice that the mai n function passes the age variable by value to 
the getAge function. 

b. Run the program. When prompted to enter your age, type your 
age and press Enter. The message that appears should con¬ 
tain your age; however, it contains the number 0 instead. This 
is because the age variable is passed by value to the getAge 
function. 

c. Modify the program so that it passes the age variable by reference 
to the getAge function. Save and then run the program. When 
prompted to enter your age, type your age and press Enter. This 
time, the message contains your age. 


TRY THIS 11. In this exercise, you modify the program from Lab 9-2 in Chapter 

9. If necessary, create a new project named TryThisll Project. Copy 
the instructions from the Lab9-2.cpp file into a source file named 
TryThisll.cpp. (The Lab9-2.cpp file is contained in either the Cpp6\ 
Chap09\Lab9-2 Project folder or the Cpp6\Chap09 folder. Alter¬ 
natively, you can enter the instructions from Figure 9-46 into the 
TryThisll.cpp file.) Change the filename in the first comment to 
TryThisll.cpp. Modify the program to use a void function named 
di spl ayPayment. The di spl ayPayment function should accept 
a monthly payment and then display the monthly payment on the 
screen. Save and then run the program. Test the program using 
16000, 3000, .08, .03, and 4 as the car price, rebate, credit union rate, 
dealer rate, and term. The monthly payments should be $317.37 and 
$354.15. (The answers to TRY THIS Exercises are located at the end 
of the chapter.) 


TRY THIS 12. In this exercise, you modify the program from TRY THIS Exercise 

14 in Chapter 9. If necessary, create a new project named TryThisl2 
Project. If you completed Chapter 9’s TRY THIS Exercise 14, copy 
the instructions from the TryThisl4.cpp file into a source file named 
TryThisl2.cpp. (The TryThisl4.cpp file is contained in either the 
Cpp6\Chap09\TryThisl4 Project folder or the Cpp6\Chap09 folder. 
Alternatively, you can enter the instructions from Figure 9-49 into 
the TryThisl2.cpp file.) Change the filename in the first comment 
to TryThisl2.cpp. Change the getFahrenhei t and cal cCel si us 
functions to void functions. Save and then run the program. Test the 
program using the following Fahrenheit temperatures: 32 and 212. 









Exercises 


13. In this exercise, you modify the code from Computer Exercise 11. If MODIFY THIS 

necessary, create a new project named ModifyThisl3 Project. Enter 

(or copy) the TryThisll.cpp instructions into a new source file named 
ModifyThisl3.cpp. Change the filename in the first comment to Mod- 
ifyThisl3.cpp. Change the getPayment function to avoid function 
named cal cPayment. Save and then run the program. Test the pro¬ 
gram using 16000, 3000, .08, .03, and 4 as the car price, rebate, credit 
union rate, dealer rate, and term. The monthly payments should be 
$317.37 and $354.15. 

14. In this exercise, you modify the program from Lab 8-2 in Chapter 8. INTRODUCTORY 

If necessary, create a new project named Introductoryl4 Project. 

Copy the instructions from the Lab8-2.cpp file into a source file 
named Introductoryl4.cpp. (The Lab8-2.cpp file is contained in either 
the Cpp6\Chap08\Lab8-2 Project folder or the Cpp6\Chap08 folder. 

Alternatively, you can enter the instructions from Figure 8-40 into the 
Introductory 14.cpp file.) Change the filename in the first comment to 
Introductory 14.cpp. Modify the program so that it uses a void func¬ 
tion to display the multiplication table. Save and then run the pro¬ 
gram. Test the program using multiplicands of 2 and 4, followed by a 
sentinel value. 


15. In this exercise, you modify the program from Lab 7-2 in Chapter 7. INTRODUCTORY 

If necessary, create a new project named Introductoryl5 Project. Copy 

the instructions from the Lab7-2.cpp file into a source file named 
Introductoryl5.cpp. (The Lab7-2.cpp file is contained in either the 
Cpp6\Chap07\Lab7-2 Project folder or the Cpp6\Chap07 folder. 

Alternatively, you can enter the instructions from Figure 7-48 into the 
Introductoryl5.cpp file.) Change the filename in the first comment to 
Introductoryl5.cpp. Modify the program so that it uses a void function 
to determine the grade. Save and then run the program. Test the pro¬ 
gram using the following scores and sentinel value: 45, 40, 41, 96, 89, 
and -1. The total points and grade should be 311 and B, respectively. 

16. In this exercise, you modify the program from Lab 6-2 in Chapter 6. If INTRODUCTORY 
necessary, create a new project named Introductoryl6 Project. Copy 

the instructions from the Lab6-2.cpp file into a source file named 
Introductoryl6.cpp. (The Lab6-2.cpp file is contained in either the 
Cpp6\Chap06\Lab6-2 Project folder or the Cpp6\Chap06 folder. 

Alternatively, you can enter the instructions from Figure 6-32 into the 
Introductoryl6.cpp file.) Change the filename in the first comment to 
Introductoryl6.cpp. Modify the program so that it uses a void function 
to determine the commission. Save and then run the program. Test the 
program using the following sales amounts: 15000 and 250,000. 


17. In this exercise, you modify the program from Lab 5-2 in Chapter 5. If INTERMEDIATE 
necessary, create a new project named Intermediated Project. Copy 
the instructions from the Lab5-2.cpp file into a source file named 
Intermediated.cpp. (The Lab5-2.cpp file is contained in either the 
Cpp6\Chap05\Lab5-2 Project folder or the Cpp6\Chap05 folder. 

Alternatively, you can enter the instructions from Figure 5-33 into the 
Intermediated.cpp file.) Change the filename in the first comment 
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to Intermediatel7.cpp. Modify the program so that it uses two void 
functions: one to determine the fat calories and the other to deter¬ 
mine the fat percentage. Save and then run the program. Test the pro¬ 
gram appropriately. 


18. In this exercise, you create a simple payroll program using a mai n 
function and four void functions. 


INTERMEDIATE 


| 410 


a. Figure 10-35 shows the IPO chart information for the pay¬ 
roll program. Complete the C++ instructions column for the 
mai n function, as well as for the three void functions named 
cal cFedTaxes, cal cNetPay, and di spl aylnfo. The FWT 
(Federal Withholding Tax) rate is 20% of the weekly salary, and 
the FICA (Federal Insurance Contributions Act) rate is 8% of the 
weekly salary. 

b. If necessary, create a new project named Intermediatel8 Project. 
Enter your C++ instructions into a source file named Intermedi- 
atel8.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. Display the taxes and net 
pay with two decimal places. 

c. Save and then run the program. Test the program using 500 and 
650 as the salary. 


main function 
IPO chart information 


C++ instructions 


Input 

salary 

FWT rate (.2) 
FICA rate (.08) 

Processing 

WOwe 

Output 

FWT 
FICA 
wet pay 

Algorithm 

l. ewter the salan 


2 . repeat while (the salary > o) 

call the calcFedTaxes fuwctiowto calculate 
the FWT a wd FICA, pass the fuwctiowthe 
salary, FWT rate, FICA rate, awd the 
addresses of variables iw which 
to store the FWT awd FICA 

call the calcNetPay fuwctiowto calculate the 
wet pay, pass the fuwctiow the salary, FWT, 
FICA, awd the address of the variable iw 
which to store the wet pay 


Figure 10-35 (continues) 
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(continued) 


call the display irvfo fu.rsctlorv to display 
the FW T, FlCA, arvd rvetpay, pass the 
fu.rbctlor\. the FWT, FICA, arsd rretpay 


eioter the salary 


eir-d repeat 


411 


calcFedTaxes function 

IPO chart information 
Input 


C++ instructions 


salary (forru.alpararM.eter) 


FWT rate (forrM.alpararu.eter) 

FICA rate (fbrrM.alpararM.eter) 
addresses of variables to store: 

FWT (forru.al parameter) 

FICA (forrual parameter) 

Processing 

rsorse 

Output 

FWT 

FICA 

Algorithm 

1. calculate the FWT by multiply livg the salary 
by the FWT rate 

2. calculate the FICA by ru.u.ltlplylrb0 the 
salary by the FICA rate 

cal cNetPav function 

IPO chart information C++ instructions 



FWT (fomtal parameter) 

FICA (forrua l parameter) 
address of a varlableto store: 
rsetpay (forru.alparameter) 

Processing 

rsorse 

Output 

rset pay 

Algorithm 

calculate the rvetpay by subtracting 
the FWT and FICA frorvt the salary 


Figure 10-35 (continues) 
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(continued) 


disol avlnfo function 

IPO chart information 

Input 

C++ instructions 

FWT (formal parameter) 
fica (form.al-parcim.eter) 

Mt pa y (forma l pa ra meter) 


Processing 


MM 


Output 


FWT 


FICA 


Mt pay 


Algorithm 

display the FWT FICA, ai+d i+etpay 




Figure 10-35 


INTERMEDIATE 19. The payroll manager at Gerston Blankets wants a program that calcu¬ 

lates and displays the gross pay for each of the company’s employees. 
It also should calculate and display the total gross pay. The payroll 
manager will enter the number of hours the employee worked and 
his or her pay rate. Employees working more than 40 hours should 
receive time and one-half for the hours over 40. Use a void function 
to determine an employee’s gross pay. Use a value-returning func¬ 
tion to accumulate the total gross pay. The program should display 
the total gross pay only after the payroll manager has finished enter¬ 
ing the data for all the employees. Use a sentinel value to end the 
program. 

a. Create IPO charts for the problem, and then desk-check the algo¬ 
rithm using the following four sets of hours worked and pay rates: 
35, $10.50; 43, $15; 32, $9.75; and 20, $6.45. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 10-35. 
Then, code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. If necessary, create a new project named Intermediatel9 Project. 
Enter your C++ instructions into a source file named Intermedi- 
atel9.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 

INTERMEDIATE 20. The sales manager at Tompkins Company wants a program that cal¬ 

culates and displays each salesperson’s commission, which is 10% of 
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his or her sales. It also should display the total commission. Use a 
value-returning function to get the amount sold by a salesperson. The 
amount sold may contain a decimal place. Also use three void func¬ 
tions: one to calculate the 10% commission, another to display the 
commission, and another to calculate the total commission. The pro¬ 
gram should display the commission and total commission in fixed- 
point notation with two decimal places. Display the total commission 
only after the sales manager has finished entering the sales amounts. 

Use a sentinel value to end the program. 

a. Create IPO charts for the problem. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 10-35. 

Then, code the algorithm into a program. 

c. If necessary, create a new project named Intermediate20 Project. 

Enter your C++ instructions into a source file named Intermedi- 
ate20.cpp. Also enter appropriate comments and any additional 
instructions required by the compiler. 

d. Save and then run the program. Test the program using the fol¬ 
lowing four sales amounts: 12000, 23000, 10000, and 25000. Then 
enter your sentinel value. 

21. In this exercise, you create a program that calculates the average of ADVANCED 

three test scores. The program should contain two value-return¬ 
ing functions (mai n and cal cAverage) and two void functions 
(getTestScores and di spl ayAverage). The mai n function should 
call the void getTestScores function to get three test scores. The test 
scores may contain a decimal place. The mai n function then should 
call the value-returning cal cAverage function to calculate and return 
the average of the three test scores. When the cal cAverage func¬ 
tion has completed its task, the mai n function should call the void 
di spl ayAverage function to display the average of the three test 
scores on the screen. Display the average with one decimal place. Use a 
sentinel value to end the program. 

a. Create IPO charts for the problem, and then desk-check the algo¬ 
rithm using the following four sets of test scores, followed by your 
sentinel value: 56, 78, 90; 100, 85, 67; 74, 32, 98; and 25, 99, 84. 

b. List the input, processing, and output items, as well as the algo¬ 
rithm, in a chart similar to the one shown earlier in Figure 10-35. 

Then, code the algorithm into a program. 

c. Desk-check the program using the same data used to desk-check 
the algorithm. 

d. If necessary, create a new project named Advanced21 Proj¬ 
ect. Enter your C++ instructions into a source file named 
Advanced21.cpp. Also enter appropriate comments and any addi¬ 
tional instructions required by the compiler. 

e. Save and then run the program. Test the program using the same 
data used to desk-check the program. 
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ADVANCED 22. In this exercise, you prevent a function from changing the value of a 

named constant passed to it. 

a. If necessary, create a new project named Advanced22 Project. 
Copy the instructions from the Labl0-2.cpp file into a source file 
named Advanced22.cpp. (Alternatively, you can enter the instruc¬ 
tions from Figure 10-31 into the Advanced22.cpp file.) Change the 
filename in the first comment to Advanced22.cpp. 

b. The program passes the value of the UNIT_CHG named constant 
to the cal cBi 11 function, which stores the value it receives 
(.09) in the chgPerUni t variable. Because the function stores 
the value in a variable, the value can be changed by the func¬ 
tion. First, you will verify that the cal cBi 11 function can 
change the value stored in the chgPerUni t variable. Insert a 
blank line above the totChg = numllnits * chgPerUni t; 
statement in the cal cBi 11 function. In the blank line, type 
chg PerU nit = . 2 5 ;. Save and then run the program. Enter 
3000 and 2000 as the current and previous readings. The program 
displays 1000 as the number of units used, which is correct. How¬ 
ever, rather than displaying $90.00 as the total charge, the pro¬ 
gram displays $250.00. 

c. To prevent the cal cBi 11 function from changing the charge per 
unit value, you must use the const keyword to indicate that the 
value being passed is a constant. Make the appropriate modifica¬ 
tion to the cal cBi 11 function’s prototype and its header. Save 
and then run the program. The compiler displays an error mes¬ 
sage indicating that you cannot assign a value to the chgPerUni t 
variable, which is defined using the const keyword. 

d. Delete the chgPerUni t = . 25 ; statement from the cal cBi 11 
function. Save and then run the program. Enter 3000 and 2000 as 
the current and previous readings. The program correctly displays 
1000 and $90.00 as the units used and total charge, respectively. 

ADVANCED 23. In this exercise, you modify the electric bill program from LablO-2. 

a. If necessary, create a new project named Advanced23 Project. 
Copy the instructions from the Labl0-2.cpp file into a source file 
named Advanced23.cpp. (Alternatively, you can enter the instruc¬ 
tions from Figure 10-31 into the Advanced23.cpp file.) Change the 
filename in the first comment to Advanced23.cpp. 

b. Modify the program so that it allows the user to display the elec¬ 
tric bill for more than one customer without having to run the 
program again. Use a sentinel value to end the program. The sen¬ 
tinel value should be entered as the current meter reading in the 
getlnput function. When the user enters the sentinel value, 
the getlnput function should not prompt the user to enter the 
previous reading. 

c. Change the getlnput function to a value-returning function. If 
the user does not enter a sentinel value as the current reading, the 
getlnput function should prompt the user to enter the previous 
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reading. It then should return a value that indicates whether the 
current and previous readings are valid or invalid. To be valid, 
the current reading must be greater than or equal to the previ¬ 
ous reading. The mai n function should not call the cal cBi 11 or 
displayBill functions when the readings are not valid. Instead, 
it should display an error message. 

d. Save and then run the program. Enter 3000 and 2000 as the cur¬ 
rent and previous readings. The program should display 1000 and 
$90.00 as the units used and total charge, respectively, and then 
prompt you to enter the current reading. Now enter 3000 and 
5000 as the current and previous readings. The program should 
display an error message and then prompt you to enter the cur¬ 
rent reading. Enter 53512 and 51875 as the current and previous 
readings. The program should display 1637 and $147.33 as the 
units used and total charge, respectively. Enter your sentinel value 
to end the program. 

24. Follow the instructions for starting C++ and opening the SWAT THE BUGS 

SwatTheBugs24.cpp file. The file is contained in either the Cpp6\ 

ChaplO\SwatTheBugs24 Project folder or the Cpp6\ChaplO folder. 

Run the program. Enter 1000 and .1 as the sales and bonus rate. 

Debug the program. 

25. Follow the instructions for starting C++ and opening the SWAT THE BUGS 

SwatTheBugs25.cpp file. The file is contained in either the Cpp6\ 

ChaplO\SwatTheBugs25 Project folder or the Cpp6\ChaplO folder. 

Debug the program. 



Answers to TRY THIS Exercises 



Pencil and Paper 


1. void divideByTwofint wholeNumber) 

{ 

cout « wholeNumber / 2.0; 

} //end of divideByTwo function 


2. void di vi deByTwofi nt) ; or voi d di vi deByTwofi nt 
wholeNumber); 


3. di vi deByTwo(total) ; 



Computer 


10. To modify the program, change the function prototype to voi d 
getAge (i nt &years) ; and change the function header to voi d 
getAgefint &years). 
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11. See Figure 10-36. The modifications to the program are shaded in the 
figure. 



1 

//TryThisll.cpp - displays two monthly car payments 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

#include <cmath> 


6 

#include <iomanip> 


7 

8 

9 

using namespace std; 


//function prototypes 


10 

double getPayment(int, double, int); 

you also can use voi d 

11 

■ -I -I ! “I n - f i 1 -| ■>. m 

displayPayment(double 


12 

mthlyPay); 

13 

int main() 


14 

{ 


15 

//declare variables 


16 

int carPrice = 0; 


17 

int rebate = 0; 


18 

double creditRate = 0.0; 


19 

double dealerRate = 0.0; 


20 

int term = 0; 


21 

double creditPayment = 0.0; 


22 

double dealerPayment = 0.0; 


23 

24 

//get input items 


25 

cout « "Car price (after any trade-in): "; 

26 

cin » carPrice; 


27 

cout « "Rebate: "; 


28 

cin » rebate; 


29 

cout « "Credit union rate: "; 


30 

cin » creditRate; 


31 

cout « "Dealer rate: "; 


32 

cin » dealerRate; 


33 

cout « "Term in years: "; 


34 

cin » term; 


35 

36 

//call function to calculate payments 

37 

creditPayment = getPayment(carPrice - rebate, 

38 

creditRate / 12, term * 

12); 

39 

dealerPayment = getPayment(carPrice, 

40 

dealerRate / 12, term * 

12); 

41 

42 

//display payments 


43 

cout « fixed « setprecision(2) « endl; 

44 

cout « "Credit union payment: $"; 

45 

displayPayment(creditPayment); 


46 

cout « endl; 


47 

cout « "Dealer payment: $"; 


48 

displayPayment(dealerPayment); 


49 

cout « endl; 



Figure 10-36 (continues) 
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(continued) 


system("pause"); - 

return 0; 

//end of main function 

55 //*****f unction definitions**** 

56 double getPayment(int prin, 

57 double monthRate, 

58 int months) 

59 { 

60 //calculates and returns a monthly payment 

61 double monthPay = 0.0; 

62 monthPay = prin * monthRate / 

63 (1 - pow(monthRate + 1, -months)); 

64 return monthPay; 

65 } //end of getPayment function 

66 

67 void displayPayment(double mthlyPay) 

68 | 

69 cout « mthlyPay; 

70 } //end of displayPayment function 


your C++ development 
tool may not require 
this statement 


50 

51 

52 

53 } 

54 



Figure 10-36 

12. See Figure 10-37. The modifications to the program are shaded in the 
figure. (Several lines of code also were removed from the two void 
functions.) 


1 

//TryThisl2.cpp - converts Fahrenheit to Celsius 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 

5 

#include <iomanip> 

6 

7 

using namespace std; 

8 

//function prototypes 

9 

void getFahrenheit(int &tempF); 

10 

void calcCelsius(int tempF, double &tempC); 

11 


12 

int main() 

13 

{ 

14 

int fahrenheit = 0; 

15 

double Celsius = 0.0; 

16 


17 

//get input item 

18 

getFahrenheitffahrenheit); 

19 


20 

//calculate Celsius 

21 

calcCelsiusffahrenheit, Celsius); 

22 


23 

//display output item 


Figure 10-37 (continues) 
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(continued) 


24 cout « fixed « setprecision(O) ; 

25 cout « "Celsius: " « Celsius « endl; 


26 


your C++ development 

27 

system("pause"); - 

tool may not require 

28 

return 0; 

this statement 

29 

} //end of main function 


30 



31 

//*****function defini ti ons***** 


32 

void getFahrenheit(int &tempF) 


33 

{ 


34 

cout « "Enter Fahrenheit temperature: 

35 

cin » tempF; 


36 

} //end of getFahrenheit function 

37 



38 

void calcCelsius(int tempF, double &tempC) 

39 

{ 


40 

tempC = 5.0 / 9.0 * (tempF - 

32.0); 

41 

} //end of calcCelsius function 



Figure 10-37 
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After studying Chapter 11, you should be able to: 

Declare and initialize a one-dimensional array 
Enter data into a one-dimensional array 
Display the contents of a one-dimensional array 
Pass a one-dimensional array to a function 

Calculate the total and average of the values in a one-dimensional array 

Search a one-dimensional array 

Access an individual element in a one-dimensional array 

Find the highest value in a one-dimensional array 

Explain the bubble sort algorithm 

Use parallel one-dimensional arrays 
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One-Dimensional Arrays 



It takes longer 
for the computer 
s to access the 
information 
stored in a disk 
file, because the com¬ 
puter must wait for the 
disk drive to first locate 
the needed information 
and then read the infor¬ 
mation into internal 
memory. 


Arrays 

All of the variables you have used so far have been simple variables. A simple 
variable, also called a scalar variable, is one that is unrelated to any other 
variable in memory. At times, however, you will encounter situations in 
which some of the variables in a program related to each other. In those 
cases, it is easier and more efficient to treat the related variables as a group. 
You already are familiar with the concept of grouping. The clothes in your 
closet probably are separated into groups, such as coats, sweaters, shirts, and 
so on. Grouping your clothes in this manner allows you to easily locate your 
favorite sweater, because you just need to look through the sweater group 
rather than through the entire closet. You also probably have your CD (com¬ 
pact disc) collection grouped by either music type or artist. If your collection 
is grouped by artist, it will take only a few seconds to find all of your Beatles 
CDs and, depending on the number of Beatles CDs you own, only a short 
time after that to locate a particular CD. When you group together related 
variables that have the same data type, the group is referred to as an array of 
variables or, more simply, an array. You might use an array of 50 variables 
to store the population of each U.S. state. Or, you might use an array of four 
variables to store the sales made in each of your company’s four sales regions. 
Storing data in an array increases the efficiency of a program, because data 
can be both stored in and retrieved from the computer’s internal memory 
much faster than it can be written to and read from a file on a disk. In addi¬ 
tion, after the data is entered into an array, which typically is done at the 
beginning of a program, the program can use the data as many times as nec¬ 
essary without having to enter the data again. Your company’s sales program, 
for example, can use the sales amounts stored in an array to calculate the 
total company sales and the percentage that each region contributed to the 
total sales. It also can use the sales amounts in the array either to calculate 
the average sales amount or to simply display the sales made in a specific 
region. As you will learn in this chapter, the variables in an array can be used 
just like any other variables. You can assign values to them, use them in cal¬ 
culations, display their contents, and so on. 

The most commonly used arrays in business applications are one¬ 
dimensional and two-dimensional. You will learn about one-dimensional 
arrays in this chapter. Two-dimensional arrays are covered in Chapter 12. 
Arrays having more than two dimensions are used mostly in scientific and 
engineering programs and are beyond the scope of this book. As is true of 
functions, which you learned about in Chapters 9 and 10, arrays are one 
of the more challenging topics for beginning programmers. Therefore, it is 
important for you to read and study each section in this chapter thoroughly 
before moving on to the next section. For example, be sure you understand 
the concept of one-dimensional arrays before you continue to the sections 
pertaining to the bubble sort and parallel arrays. If you still feel overwhelmed 
by the end of the chapter, try reading the chapter again, paying particular 
attention to the examples and programs shown in the figures. 


One-Dimensional Arrays 

The variables in an array are stored in consecutive locations in the comput¬ 
er’s internal memory. Each variable in an array has the same name and data 
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type. You distinguish one variable in a one-dimensional array from another 
variable in the same array using a unique number. The unique number, which 
is always an integer, is called a subscript. The subscript indicates the vari¬ 
able’s position in the array and is assigned by the computer when the array 
is created in internal memory. The first variable in a one-dimensional array 
is assigned a subscript of 0, the second a subscript of 1, and so on. You refer 
to each variable in an array by the array’s name and the variable’s subscript, 
which is specified in a set of square brackets immediately following the array 
name. To refer to the first variable in a one-dimensional array named sales, 
you use sales [0] —read “sales sub zero.” Similarly, to refer to the second 
variable in the sales array, you use sal es [1] . If the sal es array contains 
four variables, you refer to the fourth (and last) variable using sal es [ 3]. 
Notice that the last subscript in an array is always one number less than the 
total number of variables in the array; this is because array subscripts start 
at 0. Figure 11-1 illustrates the variables contained in the one-dimensional 
sal es array using the storage bin analogy from Chapter 3. The age, rate, 
and uni tCharge variables included in the figure are scalar variables. 



A subscript also 
is called in index. 



Figure 11-2 shows the problem specification and IPO chart information for 
the XYZ Company’s sales program, which uses an array to store the sales 
made in each of the company’s four regions. (The flowchart for this program 
is contained in the ChllFlowcharts.pdf file, which is located in the Cpp6\ 
Chapll folder.) The program allows the user to enter the sales amounts and 
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One-Dimensional Arrays 


then displays the amounts on the computer screen. Before you can code the 
sales program, you need to learn how to declare and initialize a one-dimen¬ 
sional array. You also need to learn how to store data in an array and display 
data from an array. 



Problem specification 

The XYZ Company wants a program that allows the user to enter the sales 
made in each of its four sales regions. The program then should display the 
amounts on the computer screen. 

Input Processing Output 

sales (m.ade 'ua. Processing ltem.s: sales {wiadt In 

each of 4 regions) array (4 elements) each of 4 regions) 

subscript counter (0 to 3) 

Algorithm.: 

1 . repeatfor (each of the 4 array elements) 

enter the sales Into the current array element 
end repeat 

2 . repeatfor (each of the 4 array elements) 

display the sales stored In the current array element 
end repeat 


Figure 11-2 Problem specification and IPO chart for the XYZ Company’s sales program 


Declaring and Initializing a One-Dimensional Array 

Before you can use an array in a program, you first must declare (create) it. It 
also is a good programming practice to initialize the array variables to ensure 
they will not contain garbage when the program is run. As you learned in 
Chapter 3, the garbage found in uninitialized variables is the remains of 
what was last stored at the memory location that the variable now occu¬ 
pies. Figure 11-3 shows the syntax for declaring a one-dimensional array in 
C++ and initializing its variables. In the syntax, is the type of data 

that the array variables, referred to as elements, will store. Recall that each 
of the elements (variables) in an array has the same data type, 
in the syntax is the name of the array. You use the same rules for naming an 
array as you do for naming a variable. is an integer that 

specifies the size of the array. In other words, it specifies the number of ele¬ 
ments you want in the array. To declare an array that contains 10 elements, 
you enter the number 10 as the . Notice that you enclose 

the in square brackets ([]). You can initialize the array 

elements at the same time you declare the array simply by entering one or 
more values, separated by commas, in the section of the syntax. 

You enclose the section in braces ({}). Assigning initial values 

to an array is often referred to as populating the array. The values used to 
populate an array should have the same data type as the array variables. If 
the data types are not the same, the computer uses implicit type conversion 
to either promote or demote the values to fit the array variables. However, 
recall from Chapter 3 that the implicit demotion of values can adversely 
affect a program’s output. Therefore, you always should be sure to populate 
an array using values that have the appropriate data type. Also included 
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in Figure 11-3 are examples of declaring and initializing one-dimensional 
arrays. The declaration statement in Example 1 creates a three-element char 
array named letters. It initializes the letters [0] element to A, the 
letters[l] element to B, and the 1 etters [2] element to C. Example 2 
shows two statements you can use to declare a four-element doubl e array, 
initializing each element to the doubl e number 0.0. The statement doubl e 
sales [4] = {0.0, 0.0, 0.0, 0.0} ; provides an initial value for each 
of the four array elements, whereas the statement doubl e sales [4] = 
{0.0}; provides only one value. When the array declaration statement does 
not provide an initial value for each of the elements in a numeric array, most 
C++ compilers initialize the uninitialized array elements to either 0.0 or 0 
(depending on the data type of the array). However, this is done only when 
you provide at least one value in the initialValues section. If you omit the 
initialValues section from the declaration statement—for example, if you 
use the statement double sales [4] ; to declare the array—the compiler 
does not automatically initialize the elements, so the array elements may 
contain garbage. Example 3 shows two statements you can use to declare a 
six-element i nt array named numbers. The statement i nt numbers [6] = 
{12, 0, 0, 0, 0, 0} ; initializes the first array element to the integer 12 
and initializes the remaining elements to the integer 0. The same result can 
be accomplished using the i nt numbers [6] = {12} ; statement shown in 
the example. 


Most C++ com¬ 
pilers initialize 
s char array ele¬ 
ments to a 
space, stri ng 
array elements to the 
empty string, and bool 
array elements to the 
keyword fal se. 



The = {initialVal¬ 
ues} portion of 
s the syntax in 
Figure 11-3 is 
optional. Typi¬ 
cally, optional items are 
enclosed in square 
brackets when shown in 
the syntax. In this case, 
the square brackets were 
omitted so as not to con¬ 
fuse them with the 
square brackets that are 
required by the syntax. 



HOW TO Declare and Initialize a One-Dimensional Array 

Syntax 

dataType arrayName[numberOfElements ] = { initialValues }; 


Example 1 

char letters[3] = {'A', 'B', 'C'}; 

declares and initializes a three-element char array named letters 

Example 2 

double sales[4] = {0.0, 0.0, 0.0, 0.0}; 
or 

double sales[4] = {0.0}; 

declares and initializes a four-element doubl e array named sal es; each 
element is initialized to 0.0 

Example 3 

int numbers[6] = {12, 0, 0, 0, 0, 0}; 
or 

int numbers[6] = {12}; 

declares and initializes a six-element int array named numbers; the first 
element is initialized to 12, whereas the others are initialized to 0 

Figure 11-3 How to declare and initialize a one-dimensional array 

Keep in mind that if you inadvertently provide more values in the 
initialValues section than the number of array elements, most C++ 
compilers will display the error message “too many initializers” when you 
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attempt to compile the program. However, not all C++ compilers display a 
message when this error occurs. Rather, some compilers store the extra val¬ 
ues in memory locations adjacent to, but not reserved for, the array. There¬ 
fore, you always should be careful to provide no more than the appropriate 
number of 

Entering Data into a One-Dimensional Array 

As you can with a scalar variable, you can use either an assignment state¬ 
ment or the extraction operator to enter data into an array element. 

Figure 11-4 shows the syntax of such an assignment statement. In the syn¬ 
tax, is the name and subscript of the array variable to 

which you want the (data) assigned. The can include 

any combination of constants, variables, and operators. The data type of the 
must match the data type of the array element to which the 
is assigned; otherwise, an implicit type conversion will occur, which 
could result in incorrect output. Also included in Figure 11-4 are examples 
of assignment statements that assign data to the elements in various arrays. 
The arrays were declared earlier in Figure 11-3. The assignment statement in 
Example 1 assigns the letter Yto the second element in the letters array, 
replacing the letter B that was stored in the element when the array was 
declared. The code in Example 2 assigns the doubl e number 0.0 to each of 
the four elements in the sal es array and provides another means of initializ¬ 
ing the array. The code in Example 3 assigns the squares of the numbers from 
1 through 6 to the six-element numbers array, replacing the array’s initial val¬ 
ues. The square of the number 1 is assigned to the numbers [0] element. The 
square of the number 2 is assigned to the numbers [1] element, and so on. 
Notice that the x variable keeps track of the six numbers to be squared. Also 
notice that, in order to assign the square of each number to its appropriate 
element in the numbers array, the code must subtract the number 1 from the 
value stored in the x variable. This is because the x variable’s values go from 
1 through 6, whereas their corresponding array subscripts go from 0 through 
5. Example 4’s code updates the contents of each element in the six-element 
numbers array. It does this by adding the value contained in the i ncrease 
variable to the value contained in the current array element and then assign¬ 
ing the sum to the current array element. The loops in Examples 2 through 4 
provide a convenient way to access each element in a one-dimensional array. 



HOW TO Use an Assignment Statement to Assign Data to a One- 

Dimensional Array 

Syntax 

arrayName[subscript] = expression; 

Example 1 

1etters[1] = 'Y'; 

assigns the letter Y to the second element in the letters array 


Figure 11-4 How to use an assignment statement to assign data to a one-dimensional 
array (continues) 
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Example 3 

for (int x = 1; x <= 6; x += 1) 
numbers[x - 1] = pow(x, 2); 

//end for 

assigns the squares of the numbers from 1 through 6 to the six-element 
numbers array 

Example 4 

int increase = 0; 
cout « "Enter increase amount: 
cin » increase; 
for (int x = 0; x < 6; x += 1) 
numbers[x] += increase; 

//end for 

assigns, to each element in the six-element numbers array, the sum of the 
element’s current value plus the value stored in the i ncrease variable 

Figure 11-4 How to use an assignment statement to assign data to a one-dimensional 
array 


Example 2 

int subscript = 0; 
while (subscript < 4) 

{ 

sales[subscript] = 0.0; 
subscript += 1; 

} //end while 

assigns the doubl e number 0.0 to each of the four elements in the sal es 
array; provides another means of initializing the array 


As already mentioned, you also can use the extraction operator to store 
data in an array element; this is shown in the syntax and examples in Figure 
11-5. (The arrays in Figure 11-5 were declared earlier in Figure 11-3.) The 
cin statement in Example 1 stores the user’s entry in the first element in the 
letters array, replacing the element’s existing data. Example 2 contains a 
loop that repeats its instructions four times: once for each element in the 
sales array. The loop instructions prompt the user to enter a sales amount 
and then store the user’s response in the current element. Example 3 contains 
a loop that repeats its instructions for each of the six elements in the num¬ 
bers array. The loop instructions prompt the user to enter an integer and 
then store the user’s response in the current element. 
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HOW TO Use the Extraction Operator to Store Data in a One- 

Dimensional Array 

Syntax 

cin » arrayName[subscript] m , 

Example 1 

ci n » 1etters[0]; 

stores the user’s entry in the first element in the letters array 
Example 2 

for (int sub = 0; sub < 4; sub += 1) 

{ 

cout « "Enter the sales for Region 
cout « sub + 1 « ": 
ci n » sal es [sub] ; 

} //end for 

stores the user’s entries in the four-element sales array 

Example 3 
int x = 0; 
while (x < 6) 

{ 

cout « "Enter an integer: 
cin » numbers[x]; 
x += 1; 

} //end while 

stores the user’s entries in the six-element numbers array 

Figure 11-5 How to use the extraction operator to store data in a one-dimensional array 


Displaying the Contents of a One-Dimensional Array 

To display the contents of an array, you need to access each of its elements. 
You do this using a loop along with a counter variable that keeps track of 
each subscript in the array. Figure 11-6 shows examples of loops you can use 
to display the contents of the arrays declared earlier in Figure 11-3. Example 
1 uses the while statement to display the contents of the letters array, 
which contains three elements. Example 2 uses the for statement to display 
the contents of the four-element sales array, and Example 3 uses the do 
whi 1 e statement to display the contents of the six-element numbers array. 
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HOW TO Display the Contents of a One-Dimensional Array 
Example 1 
int x = 0; 
while (x < 3) 

} 

cout « letters[x] « endl; 
x += 1; 

} //end while 

displays the contents of the three-element letters array 
Example 2 

for (int sub = 0; sub < 4; sub += 1) 

{ 

cout « "Sales for Region " « sub + 1 « $"; 

cout « sales [sub] « endl; 

} //end for 

displays the contents of the four-element sales array 

Example 3 
int x = 0; 
do //begin loop 

{ 

cout « numbers[x] « endl; 
x += 1; 

} whi 1 e (x < 6) ; 

displays the contents of the six-element numbers array 



Notice that the 
valid subscripts 
= for the sales 
array in Example 
2 are 0 through 
3, whereas the valid 
region numbers are 1 
through 4. 


Figure 11-6 How to display the contents of a one-dimensional array 


Now that you know how to declare and initialize a one-dimensional array, as 
well as how to store data in the array and display data from the array, you can 
code the XYZ Company’s sales program. 

Coding the XYZ Company’s Sales Program 

Earlier, in Figure 11-2, you viewed the problem specification and IPO chart 
for the XYZ Company’s sales program. Figure 11-7 shows the IPO chart 
information along with the corresponding C++ instructions. Figure 11-8 
shows the code for the entire program, and Figure 11-9 shows a sample run 
of the program. 
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IPO chart information 

C++ instructions 


Input 

sales (made In each of 

the sales will be entered Into the array 


4 regions) 

Processing 

array (4 elem.en.ts) 

double sales[4] = {0.0}; 


subscript counter ( O to 3 ) 

declared and Initialized In the for clause 


Output 

sales (made In each of 

display ed from the array by the for loop 


4 regions) 

Algorithm 

l. repeat for (each of the 

for (int sub = 0, sub < 4; sub += 

1) 

4 array elements) 

{ 


enter the sales Into the 

cout « "Enter the sales 


current array element 

for Region "; 

cout « sub + 1 « ": "; 

ci n » sales[sub] ; 


end repeat 

} //end for 


2 . repeat for (each of the 

for (int sub = 0, sub < 4; sub += 

1) 

4 array elements) 

{ 


display the sales stored 

cout « "Saies for Region " 


In the current array 

« sub + 1 « " : $"; 


element 

cout « sales[sub] « endl ; 


end repeat 

} //end for 




Figure 11-7 IPO chart information and C++ instructions for the XYZ Company’s sales 
program 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


//XYZ Company.cpp - displays the contents of an array 
//Created/revised by <your name> on <current date> 


#include <iostream> 
#include <iomanip> 
using namespace std; 


int main() 

{ 

//declare array 
double sales[4] 


{ 0 . 0 }; 


array declaration 


//fill array with data 

for (int sub = 0; sub < 4; sub += 1) - 

{ 

cout « "Enter the sales for Region 
cout « sub + 1 « ": 
cin » sales[sub]; 

} //end for - 


" ! stores data 
in the array 


Figure 11-8 XYZ Company’s sales program (continues) 
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Figure 11-8 XYZ Company’s sales program 



Figure 11-9 Sample run of the XYZ Company’s sales program 


Desk-checking the code in Figure 11-8 will help you understand how arrays 
operate in a program. You will desk-check the code using the following four 
sales amounts: 123.67, 350.89, 567, and 224.98. First, the declaration state¬ 
ment on Line 11 declares and initializes a four-element doubl e array named 
sal es. Figure 11-10 shows the desk-check table after the declaration state¬ 
ment is processed. 




sales array variables 

I 



sales [o] 

sales [i] sales [ 2 ] 

sales [ 3 ] 

0.0 


0.0 0.0 

0.0 


Figure 11-10 Desk-check table after the array declaration statement is processed 

The for clause on Line 14 is processed next. The clause’s initialization argu¬ 
ment declares an i nt variable named sub and initializes it to the number 0. 
The sub variable is a counter variable that will keep track of the four array 
subscripts: 0,1, 2, and 3. As you learned in Chapter 7, a variable declared in 
a for clause is local to the for loop and can be used only by the statements 
within the loop. In this case, the sub variable is local to the for loop on 
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Lines 14 through 19. The sub variable will remain in memory until the for 
loop ends. Figure 11-11 shows the desk-check table after the initialization 
argument on Line 14 has been processed. 




Figure 11-11 Desk-check table after the initialization argument on Line 14 is processed 


As you learned in 
Chapter 7, the 
s condition argu¬ 
ment in a for 
clause is a loop¬ 
ing condition, because it 
specifies the requirement 
for processing the loop 
instructions. 


The for clause’s condition argument tells the computer to check whether the 
value stored in the sub variable is less than 4. It is, so the statements in the 
body of the for loop are processed. First, the cout statements on Lines 16 
and 17 prompt the user to enter the sales for the current region—in this case, 
Region 1. Notice that the current region is determined by adding the num¬ 
ber 1 to the value stored in the sub variable (0). This is because, unlike the 
array subscripts, the region numbers go from 1 through 4 rather than from 0 
through 3. The region number always will be one number more than the sub¬ 
script of its corresponding element in the array. In other words, Region l’s 
sales will be stored in the element whose subscript is 0. Likewise, Region 2’s 
sales will be stored in the element whose subscript is 1, and so on. The ci n 
statement on Line 18 gets Region l’s sales from the user and then stores the 
amount in the first array element (sal es [0] ). Figure 11-12 shows the sales 
for Region 1 (123.67) entered in the array. 


sales [o] 

sales [i] 

sales [ 2 ] 

sales [ 3 ] 

sub 

OhO 

0.0 

0.0 

0.0 

0 

123. &>J- 






Figure 11-12 Desk-check table after Region l’s sales are entered in the array 

The for clause’s update argument tells the computer to add the number 1 
to the contents of the sub variable; the result is 1. The computer then checks 
whether the sub variable’s value is less than 4. It is, so the statements in the 
body of the for loop are processed again. The cout statements prompt the 
user to enter the sales for Region 2, and the ci n statement stores the user’s 
response in the second array element (sal es [1] ). Figure 11-13 shows the 
sales for Region 2 (350.89) entered in the array. 


sales[o] 

sales [i] 

sales [ 2 ] 

sales [ 3 ] 

sub 

OhO 

OhO 

0.0 

0.0 

o 

123. ^ 

3 GO.SJ 



± 


Figure 11-13 Desk-check table after Region 2’s sales are entered in the array 

Next, the computer updates the sub variable by adding the number 1 to it; 
the result is 2. The computer then checks whether the sub variable’s value is 
less than 4. It is, so the statements in the body of the for loop are processed 
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again. The cout statements prompt the user to enter the sales for Region 3, 
and the ci n statement stores the user’s response in the third array element 
(sal es [2]). Figure 11-14 shows the sales for Region 3 (567.0) entered in the 
array. 


salts, [o] 

sales [i] 

salts [ 2 ] 

sales [ 3 ] 

sub 


OhO 


0.0 

o 

12 Z.6>J- 

3.50.8j) 

50J-.0 


4= 





2 



Figure 11-14 Desk-check table after Region 3's sales are entered in the array 

Next, the computer updates the sub variable by adding the number 1 to it; 
the result is 3. The computer then checks whether the sub variable’s value is 
less than 4. It is, so the statements in the body of the for loop are processed 
again. The cout statements prompt the user to enter the sales for Region 4, 
and the ci n statement stores the user’s response in the fourth array element 
(sal es [3]). Figure 11-15 shows the sales for Region 4 (224.98) entered in 
the array. 


sales [o] 

sales [i] 

sales [ 2 ] 

sales [ 3 ] 

sub 

OrO 

OrO 


OrO 

o 

12 2.6>J- 

3 50.8$ 

50J-.0 

2241)2 

4 


a 

3 


Figure 11-15 Desk-check table after Region 4’s sales are entered in the array 

Once again, the computer updates the sub variable by adding the number 
1 to it; this time, the result is 4. The computer then checks whether the sub 
variable’s value is less than 4. It’s not, so the for loop on Lines 14 through 19 
ends and the computer removes the loop’s local sub variable from internal 
memory. Figure 11-16 shows the current status of the desk-check table. 



Figure 11-16 Desk-check table after the for loop on Lines 14 through 19 ends 


The cout statement on Line 22 is processed next. The statement tells the 
computer to display real numbers in fixed-point notation with two decimal 
places; it also displays two blank lines. Next, the computer processes the 
f o r clause on Line 23. The clause’s initialization argument declares and 
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initializes an i nt variable named sub. Although the variable’s name is the 
same as the one in the first for clause, which appears on Line 14, it’s not the 
same variable. This sub variable is local to the for loop on Lines 23 through 
27. The sub variable created by the for clause on Line 14 was local to the 
for loop on Lines 14 through 19 and was removed from memory when that 
loop ended. Figure 11-17 shows the desk-check table after the initialization 
argument on Line 23 is processed. 



Figure 11-17 Desk-check table after the initialization argument on Line 23 is processed 


The condition argument in the for clause on Line 23 tells the computer to 
check whether the value in the sub variable is less than 4. It is, so the state¬ 
ments in the body of the for loop are processed. Those statements display 
Region l’s sales, which are located in the sal es [0] element in the array, on 
the computer screen. Next, the for clause’s update argument adds the num¬ 
ber 1 to the contents of the sub variable; the result is 1. The computer then 
checks whether the value in the sub variable is less than 4. It is, so the state¬ 
ments in the body of the for loop display Region 2’s sales. Here again, the 
computer updates the sub variable by adding the number 1 to it; the result 
is 2. The computer then checks whether the value in the sub variable is less 
than 4. It is, so the statements in the body of the for loop display Region 3’s 
sales. The computer again updates the sub variable by adding the number 1 
to it; the result is 3. The computer then checks whether the value in the sub 
variable is less than 4. It is, so the statements in the body of the for loop 
display Region 4’s sales. Once again, the computer updates the sub variable 
by adding the number 1 to it; this time, the result is 4. The computer then 
checks whether the value in the sub variable is less than 4. It’s not, so the 
for loop ends and the computer removes the loop’s local sub variable from 
internal memory. Figure 11-18 shows the desk-check table after the for loop 
on Lines 23 through 27 ends. 
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Figure 11-18 Desk-check table after the for loop on Lines 23 through 27 ends 

Finally, the computer processes the system("pause") ; and return 0; 
statements on Lines 29 and 30. When the program ends, the computer 
removes the sales array from its internal memory. 

Passing a One-Dimensional Array to a Function 

Figure 11-19 shows a modified version of the XYZ Company’s sales pro¬ 
gram. In the modified version, the mai n function passes the sal es array to 
a program-defined void function named di spl ayAr ray. The changes made 
to the original code (shown earlier in Figure 11-8) are shaded in Figure 11-19. 
Study closely the di spl ayAr ray function prototype, function call, and func¬ 
tion header. The function call, which appears on Line 26, passes two items of 
information to the di spl ayArray function: the sal es array and the num¬ 
ber of elements in the array. You pass an array simply by including the array’s 
name—in this case, sal es —as the actual argument. As you know, variables 
can be passed to a function either or . Unless specified 

otherwise, scalar variables in C++ are passed . To pass a scalar variable 

, recall that you need to include the address-of (&) operator before 
the formal parameter’s name in the receiving function’s header. You also need 
to include the address-of operator in the receiving function’s prototype. Unlike 
scalar variables, arrays in C++ are passed automatically rather 

than ; this is because it is more efficient to pass arrays in that manner. 

Since many arrays are large, passing an array would consume a great 

deal of the computer’s memory and time, because the computer would need 
to duplicate the array in the receiving function’s formal parameter. Passing an 
array allows the computer to pass the address of only the first array 

element. Because array elements are stored in contiguous locations in memory, 
the computer can use the address to locate the remaining elements in the array. 
Given that arrays are passed automatically , you do not include the 

address-of (&) operator before the formal parameter’s name in the function 
header, as you do when passing scalar variables . You also do not 

include the address-of operator in the function prototype. Instead, you indi¬ 
cate that you are passing an array to a function by simply entering the formal 
parameter’s data type and name, followed by an empty set of square brackets, in 
the receiving function’s header and in its prototype, as shown in Figure 11-19. 
(Recall that the formal parameter’s name is optional in the prototype. Therefore, 
you also could write the function prototype in Figure 11-19 as doubl e [].) 


You learned 
about passing 
and 

in Chap¬ 
ters 9 and 10. 
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b #include <iostream> 

6 #include <iomanip> 

the name 

434 


7 using namespace std; 

is optional 



8 



1 //Modified XYZ Company.cpp - displays the contents 

2 //of an array 

3 //Created/revised by <your name> on <current date> 


14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


9 //function prototype 

10 void displayArrayCdouble dollars[], int numElements); 

11 

12 int main() 

13 { 

//declare array 
double sales[4] = {0.0}; 


function prototype 


//fill array with data 

for (int sub = 0; sub < 4; sub += 1) 

{ 

cout « "Enter the sales for Region 
cout « sub + 1 « 
ci n » sales[sub]; 

} //end for 


//display the contents of the array 
displayArray(sales, 4); - 


function call 


systemC'pause") ; 
return 0; 


your C++ development tool may 
not require this statement 


function header 


{ 


30 } //end of main function 

31 

32 //*****f U nction definitions***** 

33 void displayArrayCdouble dollars[], int numElements) 

34 1 

35 cout « fixed « setprecision(2) « endl « endl ; 

36 for (int sub = 0; sub < numElements; sub += 1) 

37 

38 

39 

40 } //end for 

41 } //end of displayArray function 


cout « "Sales for Region " « sub + 1 « $"; 

cout « dollars[sub] « endl; 


Figure 11-19 XYZ Company's modified sales program 

Figure 11-20 shows the completed desk-check table for the XYZ Company’s 
modified sales program. Recall from Chapter 10 that when you pass a vari¬ 
able by reference to a function, the computer locates the variable and then 
assigns the name of the corresponding formal parameter to the variable. The 
same process occurs with array variables and explains why each array vari¬ 
able in Figure 11-20 has two names: one assigned by the mai n function, and 
the other assigned by the di spl ayAr ray function. Although both functions 
can access the memory locations where the array variables reside, each func¬ 
tion uses a different name to do so. The mai n function uses the name sal es, 
whereas the di spl ayAr ray function uses the name dol 1 ars. 
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Figure 11-20 Completed desk-check table for the XYZ Company’s modified sales program 


Mini-Quiz 11-1 

1. Which of the following declares a one-dimensional i nt array named 
quantities and initializes each of its 20 elements to the number 0? 


a. 

int 

quantities[20] 

= {0}; 

b. 

int 

quantities(20) 

= {0}; 

c. 

int 

quantities{20} 

= 0; 

d. 

none 

of the above 



# The answers to 
Mini-Quiz ques- 
^ tions are located 
in Appendix A. 


2. What is the name of the first element in the quanti ti es array from 
Question 1? 

3. What is the name of the last element in the quantities array from 
Question 1? 

4. Write a C++ statement that assigns the number 7 to the fourth ele¬ 
ment in the quantities array from Question 1. 

5. Which of the following calls the getTotal function, passing it the 
quantities array from Question 1 and the number of array ele¬ 
ments? The getTotal function is a value-returning function. 

a. total = getTotal (quanti ti es [] , 20); 

b. total = getTotal(quantities[20]); 

c. total = getTotal(quantities, 20); 


d. none of the above 
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The Moonbucks Coffee Program—Calculating 
a Total and Average 

Figure 11-21 shows the problem specification, IPO chart information, and 
C++ instructions for the Moonbucks Coffee program. (The flowchart for this 
program is contained in the ChllFlowcharts.pdf file, which is located in the 
Cpp6\Chapll folder.) The program displays both the total and average number 
of pounds of coffee used in a 12-month period. Notice that the program stores 
the monthly usage amounts in a 12-element doubl e array named pounds. It 
also uses a program-defined value-returning function named getTotal to 
calculate the total usage for the year. The getTotal function does this by add¬ 
ing together each monthly value stored in the pounds array, which is passed to 
the function when it is invoked. The getTotal function then returns the sum 
to the mai n function, where it is used to calculate the average usage. 


Problem specification 

The store manager at Moonbucks Coffee wants a program that displays both the 
total and average number of pounds of coffee used during a 12-month period. Last 
year, the pounds of coffee used each month were as follows: 400.5, 450, 475.5, 
336.5, 457, 325, 220.5, 276, 300, 320.5, 400.5, 415. The program will use two 
value-returning functions: main and getTotal. The getTotal function will calculate 
the total number of pounds of coffee used. 


function 

IPO chart information 
Input 

array (12 elem.eiA.ts) 


Processing 

MM 


C++ instructions 

double pounds[12] 
475.5, 356.5, 457 
276.0, 300.0, 320 


= 

{400.5, 

450.0, 

0 , 

325.0, 

220.5, 

5, 

400.5, 

415.0}; 


Output 

total pou.iA.ols 
average pou.iA.ols 

Algorithm 

1. call the getTotal function 

to calculate the total pou.iA.ots, 
pass the function the pou.iA.ots 
array aiA,ot the number 
of elem.eiA.ts in the array 

2 . calculate the average pou.iA.ots by 
dividing the total pou.iA.ots by the 
number of array elements, 

3. display the total pou.iA.ots 
and average pou.iA.ots 


double total = 0.0; 
double average = 0.0; 


total = getTotal(pounds, 12); 


average = total / 12; 


cout « "Total pounds: " « total 
« endl; 

cout « "Average pounds: " « 
average « endl; 


Figure 11-21 Problem specification, IPO chart information, and C++ instructions for the 
Moonbucks Coffee program (continues) 
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(continued) 


aetTotal function 

IPO chart information 

C++ instructions 

Input 


array 

double poundsUsed[] (form.alparam.eter) 

number of elem.eiA.ts in the array 

int numEl ements (form.alparam.eter) 

Processing 


subscript cou.iA.ter (o to ll) 

declared aiA,d liA+tia llzed mthefor clause 

Output 


total pou.iA.ots (accumulator) 

double totalUsed = 0.0; 

Algorithm 

l. repeat for (each array element) 

for (int sub = 0; sub < numElements; 
sub += 1) 

add the current array element's 
value to the total pou.iA.ots 

totalUsed += poundsUsed[sub] ; 

eiA-ot repeat 

//end for 

2. return, the total pou.iA.ots 

return totalUsed; 



Figure 11-21 Problem specification, IPO chart information, and C++ instructions for the 
Moonbucks Coffee program 


Figure 11-22 shows the entire Moonbucks Coffee program. The statement on 
Lines 15 through 17 in the mai n function declares the 12-element doubl e 
pounds array. It uses the 12 values provided in the problem specification to 
initialize the array. The statements on Lines 19 and 20 declare two doubl e 
variables named total and average. Next, the assignment statement on 
Line 23 calls the getTotal function, passing it the pounds array and the 
number of elements in the array. Recall that when an array is passed to a 
function, the computer passes only the address of the first array element. 

At this point, the computer temporarily leaves the mai n function to pro¬ 
cess the getTotal function’s code, beginning with the function header on 
Line 35. When processing the function header, the computer locates the 
pounds array in memory and assigns the formal parameter’s name—in this 
case, poundsllsed —to each element. As a result, each array element has 
two names. The first element, for example, is called pounds [0] in the mai n 
function but poundsllsed [0] in the getTotal function. After process¬ 
ing the getTotal function’s header, the computer processes the statements 
within the function body. Those statements use a for loop, along with an 
accumulator variable named total Used, to add together each value con¬ 
tained in the poundsUsed array. The sum of those values represents the 
total number of pounds of coffee used. The getTotal function’s return 
statement returns the total number of pounds to the assignment statement 
on Line 23 in the mai n function. At that point, the getTotal function ends 
and the computer removes the poundsUsed name from the array elements. 
It also removes the numEl ements and total Used variables from internal 
memory. The assignment statement on Line 23 assigns the total number of 
pounds to the mai n function’s total variable. Next, the assignment state¬ 
ment on Line 24 is processed. That statement calculates the average number 


The sub variable 
is removed when 
the for loop in 
the getTotal 
function ends. 
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of pounds by dividing the total number of pounds by the number of array 
elements (12). It then assigns the result to the average variable. The cout 
statements on Lines 27 and 28 display the total number of pounds used 
and the average number of pounds used, respectively. The computer then 
processes the system("pause") ; and return 0; statements on Lines 
30 and 31. When the program ends, the computer removes the pounds 
array, as well as the total and average variables, from internal memory. 
Figure 11-23 shows the program’s output. 


The for loop in 
Figure 11-22 will 
s end when the 

sub variable con¬ 
tains the integer 
12, because that is the 
first integer that is not 
less than 12. 


1 //Moonbucks Coffee.cpp 

2 //Displays the total and average number of pounds 

3 //of coffee used during a 12-month period 

4 //Created/revised by <your name> on <current date> 

5 

6 #include <iostream> 

7 using namespace std; 

8 

9 //function prototype 

10 double getTotal(double poundsUsed[], int numElements); 

11 

12 int main() 

13 { 

14 //declare array 

15 double pounds[12] = {400.5, 450.0, 

16 475.5, 336.5, 457.0, 325.0, 220.5, 

17 276.0, 300.0, 320.5, 400.5, 415.0}; 

18 //declare variables 

19 double total = 0.0; 

20 double average = 0.0; 

21 

22 //calculate the total and average pounds used 

23 total = getTotal(pounds, 12); 

24 average = total / 12; 

25 

26 //display the total and average pounds used 

27 cout « "Total pounds: " « total « endl; 

28 cout « "Average pounds: " « average « endl; 

29 

30 system("pause") ; - 

31 return 0; 

32 } //end of main function 

33 

34 //*****function definitions***** 

35 double getTotal(double poundsUsed[], int numElements) 

36 { 

37 double totalUsed = 0.0; //accumulator 

38 

39 //accumulate the pounds used 

40 for (int sub = 0; sub < numElements; sub += 1) 

41 totalUsed += poundsUsed[sub]; 

42 //end for 

43 

44 return totalUsed; 

45 } //end of getTotal function 


your C++ development tool may 
not require this statement 


Figure 11-22 Moonbucks Coffee program 
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Figure 11-23 Result of running the Moonbucks Coffee program 



The KL Motors Program—Searching an Array 

Figure 11-24 shows the problem specification, IPO chart information, 
and C++ instructions for the I<L Motors program. (The flowchart for this 
program is contained in the ChllFlowcharts.pdf file, which is located in 
the Cpp6\Chapll folder.) The program displays the number of employees 
whose salary is greater than the amount entered by the user. Notice that the 
program stores each employee’s salary in a 10-element i nt array named 
sal ari es. To accomplish its task, the program will use a loop to search 
the sal ari es array and use a selection structure to compare the salary 
in the current array element with the salary entered by the user. If the sal¬ 
ary in the current array element is greater than the one entered by the user, 
the program adds the number 1 to the numEarnOver counter variable. 
After searching each array element, the program displays the contents of 
the numEarnOver variable on the screen. It then prompts the user to enter 
another salary amount. 


Problem specification 

The payroll manager at KL Motors wants a program that displays the number of employees 
who earn more than a specific amount, which he will enter. The company employs 10 people. 
Their annual salaries are as follows: 23000, 26000, 34000, 21000, 54000, 45000, 36000, 
80000, 75000, 34000. The program will use only the mai n function. It will use a sentinel 
value to end the program. 

IPO chart information 

InDut 

C++ instructions 

int salaries [10] = {23000, 26000, 

34000, 21000, 54000, 45000, 

36000, 80000, 75000, 34000}; 
int searchFor = 0; 

Processing 


OutDUt 

int numEarnOver = 0; 


Figure 11-24 Problem specification, IPO chart information, and C++ instructions for the KL Motors 
program 
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(continued) 


Algorithm 

l. eiA.ter the sal ary to search for 

cout « "Salary to search for " 

« "(negative number to end): 
cin » searchFor; 

2. repeat while (the salary to search 

while (searchFor >= 0) 

for Is greater thaw or equal to o) 

{ 

repeat for (each array elerueiAt) 

for (int sub = 0; sub < 10; sub += 1) 

if (the currewt array elerueiAt's 

if (salaries[sub] > searchFor) 

value is greaterthawthesalary 
to search for) 

add i to the wuruber earning 

numEarnOver += 1; 

over the salary to search for 

t\ACl If 

//end if 

ewd repeat 

//end for 

display the u.urRber eariA+wg over 

cout « "Number of employees earning " 

the salary to search for 

« "more than $" « searchFor « " 

« numEarnOver « endl ; 

eu.ter the salary to search for 

cout « "Salary to search for " 

« "(negative number to end): "; 
cin » searchFor; 

reset the iA.uiciber eariA+wg over 

numEarnOver = 0; 

the salary to search for 

eio-d repeat 

} //end while 



Figure 11-24 Problem specification, IPO chart information, and C++ instructions for the KL Motors 
program 


Figure 11-25 shows the entire I<L Motors program. The declaration state¬ 
ment on Lines 11 through 15 creates the 10-element sal ari es array and 
initializes it using the 10 values provided in the problem specification. The 
statements on Lines 16 and 17 declare two i nt variables named searchFor 
and numEarnOver. The cout statement on Lines 20 and 21 prompts the 
user to enter a salary amount, and the ci n statement on Line 22 stores the 
user’s response in the searchFor variable. The whi 1 e loop in the program 
repeats its instructions as long as the value in the searchFor variable is 
greater than or equal to the number 0. Within the while loop is a nested 
for loop, which the program uses to access each element in the sal ari es 
array, beginning with the element whose subscript is 0 and ending with the 
element whose subscript is 9. The selection structure in the nested loop com¬ 
pares the salary stored in the current array element with the salary stored in 
the searchFor variable. If the array element contains a salary that is greater 
than the salary stored in the searchFor variable, the selection structure’s 
true path adds the number 1 to the contents of the numEarnOver variable. In 
the program, the numEarnOver variable is used as a counter variable to keep 
track of the number of employees earning more than the amount entered by 
the user. When the nested for loop ends, which is when the sub variable 
contains the number 10, the cout statement on Line 34 through 36 displays 
an appropriate message on the screen. As shown in Figure 11-26, the cout 
statement displays the message “Number of employees earning more than 










The KL Motors Program—Searching an Array 


$35000: 5” when the payroll manager enters 35000. The statements on Lines 
39 through 41 then prompt the user to enter another salary amount and store 
the user’s response in the searchFor variable. The statement on Line 42 
resets the numEarnOver counter variable. Next, the condition in the whi 1 e 
clause on Line 24 is evaluated again. If the searchFor variable’s value is 
greater than or equal to the number 0, the instructions in the while loop are 
processed again. Otherwise, the loop ends, and the computer processes the 
statements on Lines 44 and 45 before the program ends. 



1 //KL Motors.cpp - displays the number of employees 

2 //whose salary is greater than a specific amount 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 using namespace std; 

7 


8 

int mainO 


9 

{ 



10 


//declare array and variables 

11 


int salaries[10] = {23000, 26000, 

12 


34000, 21000, 

13 


54000, 45000, 

14 


36000, 80000, 

15 


75000, 34000}; 

16 


int searchFor = 0; 


17 


int numEarnOver = 0; 

//counter 

18 




19 


//get salary to search for 

20 


cout « "Salary to search 

for " 

21 


« "(negative number 

to end): "; 

22 


cin » searchFor; 


23 




24 


while (searchFor >= 0) 


25 


{ 


26 


//search the array 


27 


for (int sub = 0; sub < 10; sub += 1) 

28 


if (salaries[sub] > searchFor) 

29 


numEarnOver += 1; 

30 


//end if 


31 


//end for 


32 




33 


//display the search 

results 

34 


cout « "Number of employees earning " 

35 


« "more than $" « 

searchFor « " 

36 


« numEarnOver « end!; 

37 




38 


//get another salary 

to search for 

39 


cout « "Salary to search for " 

40 


« "(negative number to end): "; 

41 


cin » searchFor; 


42 


numEarnOver = 0; 


43 


} //end while 


44 


systemC'pause"); - 

your C++ development tool may 

45 


return 0; 

not require this statement 

46 

} 

//end of main function 



Figure 11-25 KL Motors program 
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Figure 11-26 Sample run of the KL Motors program 

The Hourly Rate Program—Accessing 
an Individual Element 

Figure 11-27 shows the problem specification, IPO chart information, and 
C++ instructions for the hourly rate program. (The flowchart for this pro¬ 
gram is contained in the ChllFlowcharts.pdf file, which is located in the 
Cpp6\Chapll folder.) The program uses a six-element array to store the 
hourly rates, each of which is associated with a specific pay code. The pro¬ 
gram prompts the user to enter a pay code and then determines whether the 
pay code is valid. To be valid, the pay code must be greater than or equal to 
the number 1 and (at the same time) less than or equal to the number 6. If 
the pay code is valid, the program uses the pay code to display the appropri¬ 
ate hourly rate from the array. If the pay code is not valid, the program dis¬ 
plays the message “Invalid pay code”. 


Problem specification 

Create a program that displays the hourly rate associated with the pay code 

entered by the user. The pay codes and hourly rates are shown here: 

Pay code 

Hourly rate 

1 

11.25 

2 

10.00 

3 

9.85 

4 

8.65 

5 

15.00 

6 

25.00 

IPO chart information 

C++ instructions 

Input 

Processing 

Output 

int code = 0; 

double hourlyRates [6] = {11.25, 

10.0, 9.85, 8.65, 15.0, 25.0}; 


Figure 11-27 Problem specification, IPO chart information, and C++ instructions for 
the hourly rate program 












The Hourly Rate Program—Accessing an Individual Element 


(continued) 


Algorithm 

l. tiAtcr the pay code 


cout « "Pay code (1-6): 
cin » code; 

if (code >= 1 && code <= 6) 


2 . if (the pay code is greater 


thaio, or equal to l less 
thaiA, or equa l to 6) 


443 


display the hourly rate 
frorw.the array, usireg 
the yaw code m.liA,u.s l 


cout « "Hourly rate: $" « 
hourlyRates[code - 1] « end!; 


as the subscript 


else 

display "linvalid pay 


el se 


cout « "Invalid pay code" « end!; 


code" message 
ersd if 


//end if 


Figure 11-27 Problem specification, IPO chart information, and C++ instructions for 
the hourly rate program 

Figure 11-28 shows the entire hourly rate program. The declaration state¬ 
ment on Lines 12 and 13 creates the six-element hou rl yRates array and 
initializes it using the hourly rates provided in the problem specification. 

The rate associated with pay code 1 is stored in the first array element 
(hou r 1 yRates [0] ). The rate associated with pay code 2 is stored in the sec¬ 
ond array element [hourlyRates [1]), and so on. Notice that the pay code 
is one number more than the subscript of its corresponding hourly rate in 
the array. The statement on Line 14 in the program declares and initializes an 
i nt variable named code. The code variable will store the pay code entered 
by the user. It also will be used to access the corresponding hourly rate in the 
array. The statement on Line 17 is processed next and tells the computer to 
display the hourly rate in fixed-point notation with two decimal places. The 
cout statement on Line 20 prompts the user to enter the pay code, and the 
ci n statement on Line 21 stores the user’s response in the code variable. 
Next, the i f clause on Line 22 determines whether the pay code stored in 
the code variable is valid. If the pay code is valid, the instruction in the i f 
statement’s true path displays the appropriate hourly rate from the array; 
otherwise, the instruction in the i f statement’s false path displays the mes¬ 
sage “Invalid pay code”. Study carefully the instruction in the i f statement’s 
true path; the instruction appears on Lines 23 and 24 in the program. Notice 
that the instruction uses the code variable, which contains the pay code 
entered by the user, to access the appropriate element in the hou r 1 yRates 
array. Also notice that, to access the correct element, the number 1 must be 
subtracted from the contents of the code variable. This is because the pay 
code stored in the variable is one number more than the subscript of its asso¬ 
ciated hourly rate in the array. Figure 11-29 shows a sample run of the hourly 
rate program. 


Before accessing 
an array element, 
s you always 

should verify that 
the subscript is 
valid for the array. If the 
compiler encounters an 
invalid subscript, it will 
display an error message 
and the program will end 
abruptly. 
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1 //Hourly Rate.cpp - displays the hourly rate 

2 //associated with the pay code entered by the user 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <iomanip> 

7 using namespace std; 

8 

9 int main() 

10 { 

11 //declare array and variable 

12 double hourlyRates[6] = {11.25, 10.0, 9.85, 

13 8.65, 15.0, 25.0}; 

14 int code = 0; 

15 

16 //display hourly rate with two decimal places 

17 cout « fixed « setprecision(2) ; 

18 

19 //get pay code 

20 cout « "Pay code (1-6): 

21 cin » code; 

22 if (code >= 1 && code <= 6) 

23 cout « "Hourly rate: $" « 

24 hourlyRates[code - 1] « endl; 

25 else 

26 cout « "Invalid pay code" « endl; 

27 //end if 

28 

29 system("pause"); - 

30 return 0; 

31 } //end of main function 


your C++ development tool may 
not require this statement 


Figure 11-28 Hourly rate program 


Figure 11-29 Sample run of the hourly rate program 


The Random Numbers Program 

Figure 11-30 shows the problem specification, IPO chart information, and 
C++ instructions for the random numbers program. (The flowchart for this 
program is contained in the ChllFlowcharts.pdf file, which is located in the 
Cpp6\Chapll folder.) The mai n function assigns random numbers from 1 
through 100 to a five-element i nt array named randNums. It then calls a 
program-defined void function to display the contents of the array. Next, it 
calls a program-defined value-returning function to determine the highest 
number in the array. The mai n function displays the function’s return value 
on the screen. 














The Random Numbers Program 


Problem specification 

Create a program that assigns random integers from 1 through 100 to a five- 
element array. The program should display both the contents of the array and the 
highest number stored in the array. Use a program-defined void function to display 
the array’s contents. Use a program-defined value-returning function to determine 
the highest number in the array. 

main function 

IPO chart information 

Input 

random number (ft from 1 to 1 oo) 

C++ instructions 

generated by the program. and stored lie. the 
array 

Processing 

array (s elements) 
su.bsc.rcpt counter (o to 4) 

int randNums[5] = {0}; 

declared and Initialized In the for clau.se 

Output 

random number (5" ■from l to 1 oo) 
highest value In the array 

displayed by the dlsplayArray function 
determined by the getttlghest function 

Algorithm 

1 . Initialize the random number 
generator 

srand(static_cast<int>(time(0))); 

2. repeat for (subscript cou.ic.ter 
from, o to 4) 

generate a random number 
and store It in the current 
array element 
end repeat 

for (int sub = 0; sub < 5; sub += 1) 

randNums[sub] = 1 + rand() 

% (100 -1+1); 

//end for 

3 . call the dlsplayArray function 
to display the contents of the 
array, pass the array and the 
number of elements 

displayArray(randNums, 5); 

4. call the getttlghest function to 
determine the highest number 
in the array, pass the array 
and the number of elements, then 
display the highest number 

cout « endl « "Highest number: " 

« getHighest(randNums, 5) « endl; 

di sol avArrav function 

IPO chart information 

InDut 

array (5 elements) 
number of elements 

Processing 

subscript cou.ic.ter ( o to the 
number of elements) 

OutDUt 

array (ft elements) 

C++ instructions 

int numbers [] (formal-parameter) 
int numElements (form.alparam.eter) 

declared and Initialized In the for clause 

displayed from, the array by the for loop 



Figure 11-30 Problem specification, IPO chart information, and C++ instructions for the 
random numbers program (continues] 
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(continued) 


Algorithm 

repeat for (subscript counter 

for (int sub = 0; sub < 

from o to the number of elements) 

numElements; sub += 1) 

display the contents, of the 

cout « numbersfsub] « endl ; 

current array element 
end repeat 

//end for 

aetHiahest function 

IPO chart information 

C++ instructions 

Incut 

array (5~ elements) 

int numbers!] (formalparameter) 

number of elem.eiA.ts 

int numElements (formalparameter) 

Processing 

subscript cou.iA.ter 

int x = 1; 

OutDUt 

highest iA.um.ber 

int high = numbers[0]; 

Algorithm 

l. repeat while (the subscript 

while (x < numElements) 

counter is less than the 

{ 

iA.um.ber of elements) 
if (the current array 

if (numbers[x] > high) 

element's value is greater 
than the highest number) 
assign the current 

high = numbers[x]; 

array element's value 
as the highest number 
end if 

//end if 

add l to the subscript counter 

x += 1; 

end repeat 

} //end while 

2 . return highest number 

return high; 



Figure 11-30 Problem specification, IPO chart information, and C++ instructions for the 
random numbers program 

Figure 11-31 shows a sample run of the random numbers program, and 
Figure 11-32 shows all of the program’s code. The program contains two 
program-defined value-returning functions: mai n and getHi ghest. It also 
contains a program-defined void function named di spl ayAr ray. 



Figure 11-31 Random numbers program 
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1 //Random Numbers.cpp - displays the highest 

2 //random number stored in an array 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <ctime> 

7 using namespace std; 

8 

9 //function prototypes 

10 void displayArray(int numbers[], int numElements); 

11 int getHighest(int numbers[], int numElements); 

12 

13 int main() 

14 { 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 } 

36 

37 //*****f unction prototype***** 

38 void displayArray(int numbers[], int numElements) 

39 { 

40 for (int sub = 0; sub < numElements; sub += 1) 

41 cout « numbers[sub] « end!; 

42 //end for 

43 } //end of displayArray function 

44 

45 int getHighest(int numbers[], int numElements) 

46 { 

47 //assign first element's value 

48 //to the high variable 

49 int high = numbers[0]; 

50 

51 //begin the search with the second element 

52 int x = 1; 

53 


//declare array 

int randNums[5] = {0}; 

//initialize random number generator 
srand(static_cast<int>(time(0))); 

//assign random integers from 1 

//through 100 to the array 

for (int sub = 0; sub < 5; sub += 1) 

randNums[sub] = 1 + rand() % (100 - 1+1); 
//end for 

//display array 

displayArray(randNums, 5); 

//display highest number in the array 
cout « endl « "Highest number: " 

« getHighest(randNums, 5) « endl; 

system("pause") ; - y° urC++ development tool may 

. not require this statement 

return 0; 

//end of main function 


The loop in the 
getHighest 
s function searches 
the second 
through the last 
elements in the 
numbers array. It 
doesn’t need to search 
the first element because 
that element’s value is 
already stored in the 
hi gh variable. 



Figure 11-32 Random numbers program (continues) 
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(continued) 

54 //search for highest number 

55 while (x < numElements) 


448 


56 { 

57 

58 

59 

60 

61 } 

62 


if (numbers[x] > high) 
high = numbers [x]; 
//end if 
x += 1; 

//end while 


63 return high; 

64 } //end of getHighest function 


Figure 11-32 Random numbers program 

Desk-checking the program will help you understand how the highest num¬ 
ber is determined. The statement on Line 16 in the program declares and ini¬ 
tializes a five-element i nt array named randNums. The statement on Line 19 
initializes the C++ random number generator, and the for loop on Lines 22 
through 24 assigns five random integers to the randNums array. Figure 11-33 
shows the desk-check table after the for loop ends, assuming the random 
numbers are 35, 8, 56, 84, and 34. 



Figure 11-33 Desk-check table after the for loop on Lines 22 through 24 ends 

The statement on Line 27 calls the void di spl ayAr ray function, passing it 
two actual arguments: the randNums array and the number of array elements 
(5). At this point, the computer temporarily leaves the mai n function to pro¬ 
cess the di spl ayAr ray function’s code, beginning with the function header 
on Line 38. When processing the function header, the computer locates 
the randNums array in memory and assigns the name of the first formal 
parameter (numbers) to each element. It also creates an i nt variable named 
numEl ements and stores the integer 5 in it. Figure 11-34 shows the desk- 
check table after the di spl ayAr ray function header is processed. 
















The Random Numbers Program 




Figure 11-34 Desk-check table after the displayArray function header is processed 

The di spl ayAr ray function displays the contents of the numbers array 
(which also is the randNums array) on the screen. Figure 11-35 shows the 
desk-check table after the di spl ayAr ray function ends. 



Figure 11-35 Desk-check table after the di spl ayAr ray function ends 

After processing the di spl ayAr ray function, the computer returns to the 
mai n function to process the cout statement that appears on Lines 30 and 
31. The statement calls the value-returning getHi ghest function, passing 
it two actual arguments: the randNums array and the number of array ele¬ 
ments (5). At this point, the computer temporarily leaves the mai n function 
to process the getHi ghest function’s code, beginning with the function 
header on Line 45. When processing the function header, the computer 
locates the randNums array in memory and assigns the name of the first 
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formal parameter— numbers —to each array element. It also creates the sec¬ 
ond formal parameter—an i nt variable named numEl ements —and stores 
the number 5 in it. Next, the declaration statements on Lines 49 and 52 cre¬ 
ate two i nt variables named high and x. The high variable will keep track 
of the highest value stored in the array, and the x variable will keep track of 
the array subscripts. Notice that the high variable is initialized to the value 
stored in the first array element (35). The x variable is initialized to the num¬ 
ber 1, which is the subscript of the second array element. Figure 11-36 shows 
the desk-check table after the declaration statements are processed. 


getHighest 
function’s array 


removed from memory 
when the di spf ayArray 
function ends 


mai n function's array 


/ 


w,um hereto] 
numbers [o] 

mvuiNuiM&loJ 

&■ 

35 


nwmbereti] 
numbers [±] 

rflnctNu,ms[l] 

& 


w,umbere[ 2 ] 
numbers [2] 

randNu.ms[2] 

O 

56 


numbere[3] 

numbered] 

rand Slums[ 3 ] 
6 
24 


w,umbere[ 4 ] 

numbersN] 

rand si urns Lf] 
& 

34 


removed from 


removed from 


removed from memory 



memory after the 


memory when the 


after the for loop in 


getHighest 

for loop in the 


dispf ayArray 


the dispf ayArray 


function’s variables 

mai n function ends 


function ends 


function ends 







I 

nu.metem.ents high 
5 35 


Figure 11-36 Desk-check table after the declaration statements on Lines 49 and 52 
are processed 

The while clause on Line 55 is processed next. The clause’s condition checks 
whether the x variable’s value is less than the number of elements stored in 
the numEl ements variable. It is, so the i f statement’s condition compares 
the value stored in the numbers [1] element, which is the second element 
in the array, with the value stored in the high variable. (Recall that at this 
point, the high variable contains the same value as the first array element.) 
The value in the numbers [1] element (8) is not greater than the value in the 
hi gh variable (35), so the i f statement ends and the computer processes 
the x += 1 ; statement on Line 60. The statement increases the value in the 
x variable by 1, giving 2. Next, the while clause’s condition checks whether 
the x variable’s value is less than the value stored in the numEl ements vari¬ 
able. It is, so the i f statement’s condition compares the value stored in the 
numbers [2] element with the value stored in the high variable. The value 
in the numbers [2] element (56) is greater than the value in the high vari¬ 
able (35), so the instruction in the i f statement’s true path assigns the ele¬ 
ment’s value to the high variable, as shown in Figure 11-37. 












































The Random Numbers Program 
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Figure 11-37 Desk-check table showing the third element’s value entered in the hi gh variable 


Next, the computer processes the x += 1 ; statement on Line 60. The state¬ 
ment increases the value in the x variable by 1, giving 3. The while clause on 
Line 55 is processed next. The clause’s condition checks whether the x vari¬ 
able’s value is less than the number of elements stored in the numEl ements 
variable. It is, so the i f statement’s condition compares the value stored in 
the numbers [3] element with the value stored in the high variable. The 
value in the numbers [3] element (84) is greater than the value in the hi gh 
variable (56), so the instruction in the i f statement’s true path assigns the ele¬ 
ment’s value to the hi gh variable, as shown in Figure 11-38. 



Figure 11-38 Desk-check table showing the fourth element’s value entered in the hi gh variable 
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Next, the computer processes the x += 1 ; statement on Line 60. The state¬ 
ment increases the value in the x variable by 1, giving 4. The condition in the 
whi 1 e clause on Line 55 checks whether the x variable’s value is less than 
the number of elements stored in the numEl ements variable. It is, so the i f 
statement’s condition compares the value stored in the numbers [4] element 
with the value stored in the high variable. The value in the numbers [4] ele¬ 
ment (34) is not greater than the value in the high variable (84), so the i f 
statement ends and the computer processes the x += 1 ; statement on Line 
60. The statement increases the value in the x variable by 1, giving 5. Next, 
the while clause’s condition checks whether the x variable’s value is less 
than the value stored in the numEl ements variable. It’s not, so the whi 1 e 
loop ends and the computer processes the return statement on Line 63. 

The statement returns the value stored in the high variable to the statement 
that called the getHi ghest function. That statement is the cout statement 
that appears on Lines 30 and 31 in the mai n function. After the getHi ghest 
function ends, the computer removes the numbers name from each element 
in the array. It also removes the numEl ements, hi gh, and x variables from 
memory. The completed desk-check table is shown in Figure 11-39. 
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Figure 11-39 Completed desk-check table for the random numbers program 


The cout statement on Lines 30 and 31 in the mai n function displays the 
value returned by the getHi ghest function. The computer then processes 
the system("pause") ; and return 0; statements before the program 
ends. When the program ends, the computer removes the randNums array 
from memory. 
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Mini-Quiz 11-2 

1. Which of the following increases the total variable by the contents 
of the third element in the orders array? The total variable and the 
orders array have the i nt data type. 

a. orders[2] += total; 

b. orders[3] += total; 

c. total += orders [2]; 

d. total += orders[3]; 


2. Which of the following i f clauses determines whether the value 
stored in the fourth element in the orders array is greater than 25? 
The array has the i nt data type. 


a. 

if 

(orders(3) 

> 

25) 

b. 

if 

(orders{4} 

> 

25) 

c. 

if 

(orders [3] 

> 

25) 

d. 

if 

(orders[4] 

> 

25) 


3. Write a C++ statement that multiplies the contents of the first 
element in the sal es array by .15 and then stores the result in 
the bonus variable. The sales array and bonus variable have the 
doubl e data type. 


4. Which of the following i f clauses determines whether an i nt vari¬ 
able named sub contains a valid subscript for the scores array? The 
array has 10 elements. 

a. if (sub > 0 && sub < 10) 

b. if (sub >= 0 && sub <= 10) 

c. if (sub >= 0 && sub < 10) 

d. if (sub > 0 && sub <= 10) 


5. Which of the following while clauses tells the computer to process 
the loop instructions for each of the 20 elements in the i nventory 
array? The program uses an i nt variable named x to keep track of the 
array subscripts. The x variable is initialized to 0. 


a. 

whi 1 e 

(x 

< 20) 

b. 

whi 1 e 

(x 

<= 20) 

c. 

whi 1 e 

(x 

r~\ 
O 

A 

d. 

whi 1 e 

(x 

>= 0) 


The answers to 
Mini-Quiz ques- 
= tions are located 
in Appendix A. 
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Sorting the Data Stored in 
a One-Dimensional Array 

In some programs, you might need to arrange the contents of a one-dimen¬ 
sional array in either ascending or descending order. Arranging data in a 
specific order is called sorting. When a one-dimensional array is sorted in 
ascending order, the first element in the array contains the smallest value and 
the last element contains the largest value. When a one-dimensional array is 
sorted in descending order, on the other hand, the first element contains the 
largest value and the last element contains the smallest value. Over the years, 
many different sorting algorithms have been developed; one such algorithm 
is called the bubble sort. The bubble sort provides a quick and easy way to 
sort the items stored in an array, as long as the number of items is relatively 
small—for example, fewer than 50. The bubble sort algorithm works by com¬ 
paring adjacent array elements and interchanging (swapping) the ones that 
are out of order. The algorithm continues comparing and swapping until the 
data in the array is sorted. To demonstrate the logic of a bubble sort, you 
will manually sort the contents of a three-element array in ascending order. 
The array, which is named nums, contains the following numbers: 9, 8, and 7. 
Figure 11-40 shows the nums array values before, during, and after the bubble 
sort. The bubble sort algorithm begins by comparing the first value in the 
array with the second value. If the first value is less than or equal to the sec¬ 
ond value, then no swap is made. However, if the first value is greater than the 
second value, then both values are interchanged. In this case, the first value 
(9) is greater than the second value (8), so the values are swapped as shown 
in the Second Comparison column in Figure 11-40. After comparing the first 
value in the array with the second value, the algorithm then compares the sec¬ 
ond value with the third value. In this case, 9 is greater than 7, so the two val¬ 
ues are swapped as shown in the Result column in Figure 11-40. At this point, 
the algorithm has completed its first time through the entire array—referred 
to as a pass. Notice that at the end of the first pass, the largest value (9) is 
stored in the last element in the array. The bubble sort gets its name from 
the fact that as the larger values drop to the bottom of the array, the smaller 
values rise (like bubbles) to the top. Now observe what the bubble sort does 
on its second pass through the array. The bubble sort begins the second pass 
by comparing the first value in the array with the second value. In this case, 8 
is greater than 7, so the two values are interchanged as shown in the Second 
Comparison column in Figure 11-40. Notice that at this point, the data in the 
array is sorted. 


Pass 1: 

First Comparison Second Comparison 

Result 


9 

8 

compare and 
swap 

8 


8 


P- 

compare and 

7 


7 


swap 

9 

Pass 2: 

First Comparison 

Result 




7> 

compare and 
swap 

7 

8 




9 


9 




Figure 11-40 Array values before, during, and after the bubble sort 
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The program shown in Figure 11-41 uses the bubble sort to sort the contents 
of a four-element int array in ascending order. It then displays the contents 
of the sorted array on the screen. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 


//Bubble Sort.cpp - uses the bubble sort to 
//sort the contents of a one-dimensional array 
//in ascending order 

//Created/revised by <your name> on <current date> 


#include <iostream> 
using namespace std; 


int main() 
{ 


int numbers[4] 

= {23, 

int sub 

= 0; 

int temp 

= 0; 

int maxSub 

= 3; 

int lastSwap 

= 0; 

char swap 

= 'Y'; 


46, 12, 35}; 

//keeps track of subscripts 
//variable used for swapping 
//maximum subscript 
//position of last swap 
//indicates if a swap was made 


//repeat loop instructions as long as a swap was made 
while (swap == 'Y') 

{ 

swap = 'N'; //assume no swaps are necessary 

sub = 0; //begin comparing with first 
//array element 


//compare adjacent array elements to determine 
//whether a swap is necessary 
while (sub < maxSub) 


if (numbers[sub] > numbers[sub + 1]) 

{ 


//a swap is necessary 

temp = numbers[sub]; 

numbers[sub] = numbers[sub + 1]; 

numbers[sub + 1] = temp; 

swap = 'Y'; 

lastSwap = sub; 

} //end if 

sub += 1; //increment subscript 
} //end while 


maxSub = lastSwap; //reset maximum subscript 
} //end while 

//display sorted array 
for (int x = 0; x < 4; x += 1) 
cout « numbers[x] « endl; 

//end for 


systemC'pause") ; - 

return 0; 

} //end of main function 


your C++ development tool may 
not require this statement 



Figure 11-41 Bubble sort program 
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If you already 
understand the 
= bubble sort pro¬ 
gram's code, you 
can skip the 

remainder of this section 
and continue with the 
section titled Parallel 
One-Dimensional Arrays, 
which begins on 
Page 461. 


To help you understand the bubble sort, you will desk-check the program 
shown in Figure 11-41. (However, refer to the TIP on this page.) The state¬ 
ments on Lines 11 through 16 create and initialize the numbers array and 
five variables. Figure 11-42 shows the desk-check table after these statements 
are processed. 


numbers [o] 

numbers [l] 

numbers [2] 

ia-u. i^bers [ 3 ] 


23 


12 

35 


sub 

tem.p 

m.c?x<sub 

lastswap 

swap 

0 

0 

3 

0 

Y 


Figure 11-42 Desk-check table after the declaration statements on Lines 11 through 
16 are processed 

The condition in the while clause on Line 19 compares the contents of the 
swap variable with the letter Y. The condition evaluates to true; therefore, 
the computer processes the instructions in the body of the loop. The first 
two instructions appear on Lines 21 and 23. The instructions assign the let¬ 
ter N to the swap variable and assign the number 0 to the sub variable. 

The while clause on Line 28 begins a nested loop that repeats its instruc¬ 
tions as long as the value stored in the sub variable is less than the value 
stored in the maxSub variable. At this point, the sub variable contains the 
number 0, and the maxSub variable contains the number 3; therefore, the 
computer processes the instructions in the nested loop. The condition in the 
if (numbers [sub] > numbers[sub + 1] ) clause on Line 30 deter¬ 
mines whether the value stored in the numbers [0] variable is greater than 
the value stored in the numbers [1] variable. The condition evaluates to 
false, because the numbers [0] variable contains the number 23 and the 
numbers [1] variable contains the number 46. As a result, the instructions in 
the i f statement’s true path are skipped over and processing continues with 
the sub += 1 ; statement on Line 39. The statement adds the number 1 to 
the contents of the sub variable, giving 1. Figure 11-43 shows the desk-check 
table after the nested loop instructions are processed the first time. The new 
values entered in the table are shaded in the figure. 


ia, umbers [o] 

lA.um.bersEi] 

i/vuwibersKI 

iA.um.bers [ 3 ] 


23 


12 

3 5 


sub 

temps 

miucSub 

LflStSWClp 

swap 

& 

0 

3 

0 

¥ 

1 

| 




■ 


Figure 11-43 Desk-check table after the nested loop is processed the first time 

Next, the computer evaluates the condition in the whi 1 e (sub < max¬ 
Sub) clause on Line 28. The condition evaluates to true, because the sub 
variable’s value (1) is less than the maxSub variable’s value (3). As a result, 
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the nested loop instructions are processed again. The condition in the i f 
(numbers [sub] > numbers[sub + 1]) clause on Line 30 determines 
whether the value stored in the numbers [1] variable is greater than the 
value stored in the numbers [2] variable. In this case, the condition evalu¬ 
ates to true, because the numbers [1] variable contains the number 46 
and the numbers [2] variable contains the number 12. Because of this, the 
instructions in the i f statement’s true path are processed; the instructions 
appear on Lines 33 through 37. The first three instructions in the true path 
swap the values stored in the numbers [1] and numbers [2] variables. The 
fourth instruction, swap = ' Y ' ;, assigns the letter Y to the swap variable to 
indicate that a swap was made. The last instruction in the true path, 1 ast- 
Swap = sub;, assigns the value stored in the sub variable—in this case, the 
number 1—to the 1 astSwap variable, which keeps track of the position of 
the last swap in the array. Next, the sub += 1; statement on Line 39 adds 
the number 1 to the contents of the sub variable; the result is 2. Figure 11-44 
shows the desk-check table after the nested loop instructions are processed 
the second time. The new values entered in the table are shaded in the figure. 



numbers [o] 

numbers [l] 

numbers [2] 

ia,u wi.bers [ 3 ] 


23 

44* 

42 

3 5 



B 




SK.b 

tewup 

m.CfxSw.b 

LastSwflp 

swap 

© 

© 

3 

© 

¥ 

© 

4& 


1 

N 

£ 




i 

i 






Figure 11-44 Desk-check table after the nested loop is processed the second time 

Next, the computer evaluates the condition in the whi 1 e (sub < maxSub) 
clause on Line 28. The condition evaluates to true, because the sub vari¬ 
able’s value (2) is less than the maxSub variable’s value (3). Therefore, the 
computer once again processes the instructions in the nested loop. The 
condition in the i f (numbers [sub] > numbers [sub + 1]) clause on 
Line 30 determines whether the value stored in the numbers [2] variable 
is greater than the value stored in the numbers [3] variable. The condition 
evaluates to true, because the numbers [2] variable contains the number 
46 and the numbers [3] variable contains the number 35. As a result, the 
computer processes the instructions in the i f statement’s true path. The first 
three instructions in the true path swap the values stored in the numbers [2] 
and numbers [3] variables. The fourth instruction in the true path assigns 
the letter Y to the swap variable to indicate that a swap was made. The last 
instruction in the true path assigns the value stored in the sub variable (2) 
to the 1 astSwap variable. Next, the sub += 1 ; statement on Line 39 adds 
the number 1 to the contents of the sub variable; the result is 3. Figure 11-45 
shows the desk-check table after the nested loop instructions are processed 
the third time. The new values entered in the table are shaded in the figure. 
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Figure 11-45 Desk-check table after the nested loop is processed the third time 


The computer evaluates the condition in the whi 1 e (sub < maxSub) 
clause on Line 28 next. The condition evaluates to false, because the sub 
variable’s value (3) is not less than the maxSub variable’s value (3). As a result, 
the nested loop instructions are skipped over and processing continues with 
the maxSub = 1 astSwap ; statement on Line 42. The statement assigns the 
number 2 to the maxSub variable. Figure 11-46 shows the desk-check table 
after the outer loop instructions are processed the first time. The new value 
entered in the table is shaded in the figure. 
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Figure 11-46 Desk-check table after the outer loop is processed the first time 


The condition in the whi 1 e (swap == 'Y' ) clause on Line 19 is processed 
next. The condition evaluates to true, so the computer processes the outer 
loop’s instructions again. The first two instructions in the outer loop assign 
the letter N to the swap variable and assign the number 0 to the sub variable, 
as shown in Figure 11-47. The new values entered in the table are shaded in 
the figure. 
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Figure 11-47 Desk-check table after the instructions on Lines 21 and 23 are processed 


Next, the computer evaluates the condition in the whi 1 e (sub < 
maxSub) clause on Line 28. The condition evaluates to true, so the com¬ 
puter processes the instructions in the nested loop. The condition in the 
if (numbers [sub] > numbers[sub + 1] ) clause on Line 30 deter¬ 
mines whether the value stored in the numbers [0] variable is greater than 
the value stored in the numbers [1] variable. The condition evaluates to 
true, because the numbers [0] variable contains the number 23 and the 
numbers [1] variable contains the number 12. As a result, the computer 
processes the instructions in the i f statement’s true path. The first three 
instructions in the true path swap the values stored in the numbers [0] 
and numbers [1] variables. The fourth instruction in the true path assigns 
the letter Y to the swap variable to indicate that a swap was made. The last 
instruction in the true path assigns the value stored in the sub variable (0) to 
the 1 astSwap variable. Next, the sub += 1 ; statement on Line 39 adds the 
number 1 to the contents of the sub variable, giving 1. Figure 11-48 shows 
the desk-check table after the instructions in the nested loop are processed. 
The new values entered in the table are shaded in the figure. 
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Figure 11-48 Desk-check table after the instructions in the nested loop are processed 
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The computer evaluates the condition in the whi 1 e (sub < maxSub) 
clause on Line 28 next. The condition evaluates to true, because the sub 
variable’s value (1) is less than the maxSub variable’s value (2). Therefore, the 
computer processes the nested loop instructions once again. The condition 
in the if (numbers [sub] > numbers[sub + 1 ] ) clause on Line 30 
determines whether the value stored in the numbers [1] variable is greater 
than the value stored in the numbers [2] variable. The condition evaluates 
to false, because the numbers [1] variable contains the number 23 and the 
numbers [2] variable contains the number 35. As a result, the computer 
skips over the instructions in the i f statement’s true path. Processing con¬ 
tinues with the sub += 1 ; statement on Line 39. The statement increments 
the s u b variable’s value by 1; the result is 2. The condition in the while 
(sub < maxSub) clause on Line 28 is processed next. The condition evalu¬ 
ates to false, because the sub variable’s value (2) is not less than the maxSub 
variable’s value (2). Because of this, the computer skips over the instructions 
in the nested loop. Processing continues with the maxSub = 1 astSwap; 
statement on Line 42. The statement assigns the number 0 to the maxSub 
variable. Figure 11-49 shows the current status of the desk-check table. The 
new values entered in the table are shaded in the figure. 
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Figure 11-49 Desk-check table after the instructions in the nested loop are processed 
again 


The computer evaluates the condition in the whi 1 e (swap == 'Y') clause 
on Line 19 next. The condition evaluates to true, so the computer processes 
the outer loop’s instructions again. The first two instructions in the outer 
loop assign the letter N to the swap variable and assign the number 0 to the 
sub variable. Next, the computer evaluates the condition in the while (sub 
< maxSub) clause on Line 28. The condition evaluates to false, because the 
sub variable’s value (0) is not less than the maxSub variable’s value (0). As a 
result, the computer skips over the instructions in the nested loop and con¬ 
tinues processing with the maxSub = 1 astSwap ; statement on Line 42. 

The statement assigns the number 0 to the maxSub variable. Figure 11-50 
shows the current status of the desk-check table. The new values entered in 
the table are shaded in the figure. 
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The condition in the whi 1 e (swap == 'Y' ) clause on Line 19 is processed 
next and evaluates to false. Because of this, the computer skips over the 
instructions in the outer loop. Processing continues with the for clause on 
Line 46. The clause tells the computer to repeat the cout « numbers [x] 
« endl ; statement four times: once for each element in the array. Figure 
11-51 shows the result of running the bubble sort program. 


Figure 11-51 Result of running the bubble sort program 


Parallel One-Dimensional Arrays 

Figure 11-52 shows the problem specification, IPO chart information, and 
C++ instructions for the motorcycle club membership program. The pro¬ 
gram displays the annual fee associated with the membership type entered 
by the user. Notice that the program uses two one-dimensional arrays: a 
char array named types and an i nt array named fees. The types array 
stores the five membership types, and the fees array stores the annual fees 
associated with those types. Notice that the first element in each array per¬ 
tains to membership type A; the types array contains the letter A, and the 
fees array contains the corresponding fee (100). The second element in each 
array pertains to membership type B, and so on. The two arrays are referred 
to as parallel arrays, because their elements are related by their position 
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(subscript) in the arrays. In other words, each element in the types array 
corresponds to the element located in the same position in the fees array. 
To determine the annual fee, you simply locate the membership type in the 
types array and then view its corresponding element in the fees array. 



Problem specification 


The members of a local motorcycle club are required to pay an annual fee based 
on their membership type. Create a program that displays a member’s annual fee, 

as well as his or her membership type 

The membership types and associated 

fees are shown here. Use a one-dimensional char array named types to store the 
membership types. Use a one-dimensional int array named fees to store the annual 

fees. 


Membership tvDe 

Annual fee 

A 

100 

B 

110 

C 

125 

D 

150 

E 

200 

IPO chart information 

Input 

C++ instructions 

membership type (A, "B, C, £>, or B) 

char memberType = ' ' ; 

Processing 


array (a dements to store the types) 

char types[5] = { 'A' , 'B' , 

'C, ’D\ 'E'}; 

array (a elem.eiA.ts to store the fees) 

int fees[5] = {100, 110, 

125, 150, 200}; 

subscript counter (o to 4) 

int sub = 0; 

Output 


fee 

from the fees nrrny 

membership type 

from the types nrrny 

Algorithm 

l. enter the membership type 

cout « "Membership type 

(A, B, C, D, or E): 

cin » memberType; 

memberType = toupper(memberType); 

2 . repent while (the subscript counter 

while (sub < 5 && types[sub] 

is Less than A snot the membership 
type has not been located in the 
types array) 

!= memberType) 

add l to the subscript ooiuAttr 

sub += 1; 

end repent 

//end while 


Figure 11-52 Problem specification, IPO chart information, and C++ instructions for the 
club membership program (continues) 
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(continued) 


3. if (the subscript counter Is less then as) 

if (sub < 5) 

display tbe membership type from the 

cout « "Annual fee for 

types array and the fee from the 

membership type " « types[sub] 

fees array, use the subscript counter 
as the subscript 

« $" « fees[sub] « endl; 

else 

e] se 

display " invalid membership type" 

cout « "Invalid membership 
type" « endl ; 

end If 

//end if 


Figure 11-52 Problem specification, IPO chart information, and C++ instructions for the 
club membership program 


Figure 11-53 shows the code for the entire club membership program. The 
program declares and initializes the two parallel arrays (types and fees). 

It also declares and initializes two variables named memberType and sub. 
The memberType variable will store the membership type entered by the 
user, and the sub variable will keep track of the array subscripts. The pro¬ 
gram prompts the user to enter a membership type, and it stores the user’s 
response in the memberType variable. The program then converts the con¬ 
tents of the memberType variable to uppercase. The while loop on Lines 24 
through 26 is processed next. The loop will continue to increment the sub 
variable’s value by 1 as long as the variable contains a value that is less than 
5 and (at the same time) the membership type has not been located in the 
types array. The loop will stop when either of the following conditions is 
true: the sub variable contains the number 5 (which indicates that the loop 
reached the end of the array without finding the membership type) or the 
membership type is located in the array. After the loop completes its process¬ 
ing, the i f statement in the program compares the number stored in the sub 
variable with the number 5. If the sub variable contains a number that is less 
than 5, it indicates that the loop stopped processing because the member¬ 
ship type was located in the types array. In that case, the cout statement 
on Lines 32 and 33 displays both the membership type from the types array 
and the corresponding annual fee from the fees array. However, if the sub 
variable contains a number that is not less than 5, it indicates that the loop 
stopped processing because it reached the end of the types array without 
finding the membership type. In that case, the cout statement on Line 35 
displays the message “Invalid membership type”. Figure 11-54 shows a sample 
run of the program. 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 } 


//Club Membership.cpp - displays the annual 
//membership fee 

//Created/revised by <your name> on <current date> 


#include <iostream> 
using namespace std; 


int main() 

{ 

//declare arrays 

char types[5] ={'A\ 'B’, 'C', 'D', 'E'}; 

int fees[5] = {100, 110, 125, 150, 200}; 

//declare variables 
char memberType = ' '; 
int sub = 0; 

//get type to search for 
cout « "Membership type (A, B, C, D, or E): " 
cin » memberType; 
memberType = toupper(memberType); 

//locate the position of the membership 
//type in the types array 

while (sub < 5 && types[sub] != memberType) 
sub += 1; 

//end while 


parallel one-dimensional 
arrays 


//if the membership type was located in the 
//types array, display the membership type 
//and the corresponding fee 
if (sub < 5) 

cout « "Annual fee for membership type " 

« types[sub] « $" « fees[sub] « end]; 

el se 

cout « "Invalid membership type" « endl; 
//end if 


systemC'pause"); - 

return 0; 

//end of main function 


your C++ development tool may 
not require this statement 


Figure 11-53 Club membership program 



Figure 11-54 Sample run of the cub membership program 
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Mini-Quiz 11-3 

1. Write a C++ i f clause that determines whether the value stored in 
the pri ces [x] variable is less than the value stored in the 1 owest 
variable. The array and variable have the doubl e data type. 

2. The process of arranging data in alphabetical or numerical order is 

called_. 

3. Write a for loop that subtracts the number 3 from each of the 10 
elements in an i nt array named orders. Use a variable named x to 
keep track of the array subscripts. Initialize the x variable to 0. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 



LAB 11-1 Stop and Analyze 


Study the program shown in Figure 11-55, and then answer the 
questions. The domesti c array contains the amounts the com¬ 
pany sold domestically during the months of January through June. 
The i nternati onal array contains the amounts the company sold interna¬ 
tionally during the same period. 


The answers to 
the labs are 
located in 
Appendix A. 


1 

//Labll-1.cpp - calculates the total sales 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 

5 

6 

using namespace std; 

7 

int 

mai n() 

8 

{ 


9 


//declare arrays and variable 

10 


int domestic[6] = {12000, 45000, 32000, 

11 


67000, 24000, 55000}; 

12 


int international[6] = {10000, 56000, 42000, 

13 


23000, 12000, 34000}; 

14 


int total Sales = 0; //accumulator 

15 



16 


//accumulate sales 

17 


for (int x = 0; x < 6; x += 1) 

18 


totalSales += domestic[x] + international[x]; 

19 


//end for 

20 



21 


//display total sales 

22 


cout « "Total sales: $" « totalSales « end!; 

23 



24 


system("pause"); 

25 


return 0; 

26 

} 

//end of main function 


Figure 11-55 Code for Lab 11-1 
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QUESTIONS 

. What relationship exists between the domesti c and 
international arrays? 

. What value is stored in the domes ti c [1] element? 

3. How can you calculate the total company sales made in February? 

. What is the highest subscript in the i nternati onal array? 

5. If you change the for clause in Line 17 to for (int x = 1; x <= 
6 ; x += 1) , how will the change affect the assignment statement in 
the for loop? 

6 . Follow the instructions for starting C++ and opening the Labll-l.cpp 
file. The file is contained in either the Cpp6\Chapll\Labll-l Project 
folder or the Cpp6\Chapll folder. Run the program. The total com¬ 
pany sales are $412000. 

Modify the program so that it displays the total domestic sales, total 
international sales, and total company sales. Save and then run the 
program. 

8 . Now modify the program so that it also displays the total sales made 
in each month. Use month numbers from 1 through 6. Save and then 
run the program. 


LAB 11-2 Plan and Create 


In this lab, you will plan and create an algorithm for Penelope Hav- 
ert. The problem specification, IPO chart information, and C++ 
instructions are shown in Figure 11-56. According to the figure, 
the mai n function first will get the 12 rainfall amounts from the user. It then 
will display a menu that allows the user to select from three different options. 
If the user chooses to display the monthly rainfall amounts, the mai n func¬ 
tion will call the di spl ayMonthly function, passing it the rai nfal 1 array 
and the number of array elements. The di spl ayMonthl y function uses a 
for loop to display the 12 monthly rainfall amounts on the screen. However, 
if the user chooses to display the total rainfall amount, the mai n function 
will call the di spl ayTotal function, passing it the rai nfal 1 array and the 
number of array elements. The di spl ayTotal function uses a for loop to 
accumulate the 12 monthly rainfall amounts. It then displays the total rainfall 
amount on the screen. The program ends when the user enters any number 
other than 1 or 2 in response to the “Enter your choice:" prompt. 
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Problem specification 

Penelope Havert wants a program that allows her to enter the monthly rainfall amounts 
for the previous year. The program then should allow her to either display the monthly 
rainfall amounts on the screen or calculate and display the total annual rainfall amount. In 
this program, you will use two program-defined void functions named displayMonthly 
and displayTotal. Both functions will be passed the contents of a one-dimensional 
array named rai nfal 1 , along with the number of array elements. The rai nfal 1 
array will contain the 12 monthly rainfall amounts entered by the user. Void functions 
are appropriate in this case because neither function needs to return a value to the 
statement that called it. 

main function 

IPO chart information 

Input 

met a,u. choice 

mo icthly rainfall amount ( 12 ) 

C++ instructions 

int choice = 0; 

double rainfall[12] = {0.0}; 

Processing 

sw.bsc.rlpt counter ( 0 to ll) 

declared and initialized in the for clause 

Output 

array (12 element) 
total rainfall 

displayed by the dlsplayMoicthly fu.iA,ctlorv 
displayed by the displayTotal fou/vctloiA, 

Algorithm 

1 . repeat for (subscript counter 
fror ia 0 to ll) 

enter man thly rainfall amount 

end repeat 

2 . repeat 

for (int x = 0; x < 12; x += 1) 

{ 

cout « "Enter rainfall 
for month " « x + 1 « ": 
ci n » rai nfal 1 [x]; 

} //end for 
do //begin loop 
{ 

cout « endl; 
cout « "1 Display 
monthly amounts" « endl; 
cout « "2 Display total 
amount" « endl; 

cout « "3 End program" « endl; 

display menu 

enter the menu choice 

cout « "Enter your choice: 
cin » choice; 

if (the menu choice is 1 ) 
call the display Monthly 
function to display the array, 
pass the array and the 

if (choice == 1) 

displayMonthly(rainfall , 12); 



Figure 11-56 Problem specification, IPO chart information, and C++ instructions for Lab 11-2 
(continues) 
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(continued) 


i/uxmber of elen4.eiA.ts 
else 

If (the H4.eiA.u. choice Is 2 ) 
tall the dlsplayTotal 
fun.ctlon.to calculate 
an.d display the total 
rainfall, pass the array 
an.d the iA-u.iA4.ber of 
eleiA4.eiA.ts 
eiA.d If 
en.d If 

while (iAA.eiA.u. choice equals 1 or 2 ) 

di spl avMonthl v function 

IPO chart information 
Input 

array 

iA-u.iA4.ber of elen 4 .eiA.ts 

Processing 

subscript cou.iA.ter (0 to ll) 

Output 

array element 

Algorithm 

1 . display heading 

2 . repeat for (subscript cou.iA.ter 
from 0 to ll) 

display the current array element 
ewd repeat 

displavTotal function 

IPO chart information 
Input 

array 

iA-u.iA4.ber of eleiA4.eiA.ts 

Processing 

subscript cou.iA.ter (0 to ll) 

Output 

total rainfall 

Algorithm 

1. repeat for (subscript cou.iA.ter froru. 

0 to ll) 

add the cu.rren.t array element 
to the total rainfall 
end repeat 

2 . display the total rainfall 


el se 

if (choice == 2) 

displayTotal(rainfall, 12); 


//end if 
//end if 

} while (choice == 1 | 
choice == 2); 

C++ instructions 

double rain[] (formalparameter) 
int numElements (formalparameter) 

declared and Initialized In. the for clause 

from array 

cout « "Monthly rainfall 
amounts:" « endl; 
for (int x = 0; x < numElements; 
x += 1) 

cout « rain[x] « endl; 

//end for 

C++ instructions 

double rain[] (formalparameter) 
int numElements (formalparameter) 

declared and Initialized In. the for clause 

double total = 0.0; 

for (int x = 0; x < numElements; 
x += 1) 

total = total + rain[x]; 

//end for 

cout « "Total rainfall: " 

« total « endl; 


Figure 11-56 Problem specification, IPO chart information, and C++ instructions for Lab 11-2 
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Figure 11-57 shows the code for the entire rainfall program, and Figure 11-58 
shows the completed desk-check table for the program, assuming the user 
enters the following 12 rainfall amounts: 2.44, 2.36, 2.76, 1.2, .4, .07, .04, .23, 
.54, .63, 1.54, and 2.16. After entering the rainfall amounts, the user selects 
choice 1, followed by choice 2, followed by choice 3. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 


//Labll-2.cpp 

//Stores monthly rainfall amounts in an array 
//Displays the monthly rainfall amounts or the 
//total annual rainfall amount 

//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

//function prototypes 

void displayMonthly(double rain[], int numElements); 
void displayTotal(double rain[], int numElements); 

int main() 

{ 

//declare array and variable 
double rainfall[12] = {0.0}; 
int choice = 0; 

//get rainfall amounts 

for (int x = 0; x < 12; x += 1) 

{ 

cout « "Enter rainfall for month " 

« x + 1 « ": 
ci n » rai nfal 1 [x] ; 

} //end for 

do 

{ 

//display menu and get menu choice 
cout « endl; 

cout « "1 Display monthly amounts" « endl; 
cout « "2 Display total amount" « endl; 
cout « "3 End program" « endl; 
cout « "Enter your choice: "; 
cin » choice; 

//call appropriate function or end program 
i f (choice == 1) 

displayMonthly(rainfall, 12); 

el se 

if (choice == 2) 

displayTotal(rainfall, 12); 

//end if 
//end if 

} while (choice == 1 || choice == 2); 



Figure 11-57 Rainfall program (continues) 
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(continued) 


47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 


} 


system("pause"); - 

return 0; 

//end of main function 


your C++ development tool may 
not require this statement 


//*****f U nction defini tions***** 

void displayMonthly(double rain[], int numElements) 

{ 

cout « "Monthly rainfall amounts:" « end!; 
for (int x = 0; x < numElements; x += 1) 
cout « rain[x] « end!; 

//end for 

} //end of displayMonthly function 

void displayTotal(double rain[], int numElements) 

{ 

double total = 0.0; 

for (int x = 0; x < numElements; x += 1) 
total = total + rain[x]; 

//end for 

cout « "Total rainfall: " « total « endl; 

} //end of displayTotal function 


Figure 11-57 Rainfall program 



ridiAdi] 

Yttl IA.[2l 


Yd ll/b \0~\ 

redn[il 

Y01 Ll/l [2j 

redn[3] 

rauAfaillol 

ratiA-fnllli] 

raiiA,fall[2l 

redrufalllsl 

9t9 

9t9 

9t9 

9t9 

2.44 

2.39 

2.7-9 

1.2 

red rt[4] 

rain [5] 



YClLYl[ / l 1 

rfdn[5~] 

YO l LI 

[red 1771 

r£diA,fcdl[4] 

Yttlzifpil 

y(Aiz^(aII\£>~[ 


(9+9 

9r9 

9t9 

9+9 

.4 

.07 

.04 

.23 

rat iaIsJ 

redrujyjl 

rflL 

red ia.[ii] 

rat iA.[g] 

YOi\A,\P)1 

r« Lia.[io] 

red ia.[ii] 

raUrfalllS] 

ratvifalljj)] 

rcdrufflll[lOl 

redrufedl[nl 

9t9 

9t9 

9+9 

9t9 

.5-4 

.63 

1.54 

2.19 


Figure 11-58 Completed desk-check table for the rainfall program (continues) 
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(continued) 



Figure 11-58 Completed desk-check table for the rainfall program 

The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depend¬ 
ing on the development tool you are using, you may need to create a new 
project; if so, name the project Labll-2 Project and save it in the Cpp6\ 
Chapll folder. Enter the instructions shown in Figure 11-57 in a source file 
named Labll-2.cpp. (Do not enter the line numbers.) Save the file in either 
the project folder or the Cpp6\Chapll folder. Now follow the appropriate 
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instructions for running the Labi 1-2.cpp file. Test the program using the 
same data you used to desk-check the program. (The total rainfall amount 
should be 14.37.) If necessary, correct any bugs (errors) in the program. 



LAB 11-3 Modify 


If necessary, create a new project named Labi 1-3 Project. Enter 
(or copy) the Labll-2.cpp instructions into a new source file 
named Labll-3.cpp. Change Labll-2.cpp in the first comment to 
Labll-3.cpp. Make the following two modifications to the program. First, 
change the void di spl ayTotal function to a value-returning function 
named getTotal . The getTotal function should calculate the total rainfall 
and then return the result to the mai n function for displaying on the screen. 
Second, the mai n function should display an appropriate message when the 
user enters a menu choice other than 1, 2, or 3. It then should display the 
menu again. Save and then run the program. Test the program appropriately. 



AB 11-4 Desk-Check 


Desk-check the code in Figure 11-59 using the data shown below. 
What will the for loop on Lines 31 through 34 display on the screen? 


Student 

Midterm 

Final 

1 

90 

100 

2 

88 

68 

3 

77 

75 

4 

85 

85 

5 

45 

32 


1 

//Labll-4.cpp 


2 

//Stores averages in 

a one-dimensional array 

3 

4 

//Created/revised by <your name> on <current date> 

5 

#include <iostream> 


6 

7 

using namespace std; 


8 

int mainO 


9 

{ 


10 

//declare arrays 


11 

double midterms[5] 

= {0.0}; 

12 

double finals[5] 

= {0.0}; 

13 

14 

double averages[5] 

= {0.0}; 


Figure 11-59 Code for Lab 11-4 (continues) 















Summary 


15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 } 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 } 


//get exam scores 

for (int x = 0; x < 5; x += 1) 

{ 

cout « "Midterm exam score for student " 

« x + 1 « ": 
cin » midterms[x]; 

cout « "Final exam score for student " 

« x + 1 « ": 
ci n » final s [x]; 
cout « endl; 

//calculate and assign average 
averages[x] = (midterms[x] + finals[x]) / 2; 
//end for 

//display contents of array 
cout « endl; 

for (int y = 0; y < 5; y += 1) 

cout « "Student " « y + 1 « " average: " 
« averages[y] « endl; 

//end for 

systemC'pause"); - [your C++development tool may 

- not require this statement 

return 0; 

//end of main function 



Figure 11-59 Code for Lab 11-4 



AB 11-5 Debug 


Follow the instructions for starting C++ and opening the 
Labi 1-5.cpp file. The file is contained in either the Cpp6\Chapll\ 
Labll-5 Project folder or the Cpp6\Chapll folder. Debug the 
program. 


Summary 

An array is a group of variables that have the same name and data type 
and are related in some way. The most commonly used arrays in programs 
are one-dimensional arrays and two-dimensional arrays. 

Programmers use arrays to temporarily store related data in the internal 
memory of the computer. By doing so, a programmer can increase the 
efficiency of a program, because data can be both stored in and retrieved 
from internal memory much faster than it can be written to and read from 
a file on a disk. In addition, after the data is entered into an array, the pro¬ 
gram can use the data as many times as it is needed. 
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You must declare an array before you can use it. After declaring an array, 
you can use an assignment statement or the extraction operator to enter 
data into the array. 

Each of the array elements in a one-dimensional array is assigned a unique 
number, called a subscript. The first element is assigned a subscript of 0. 
The second element is assigned a subscript of 1, and so on. Because the 
first array subscript is 0, the last subscript in a one-dimensional array is 
always one number less than the number of elements. 

You refer to each element in a one-dimensional array by the array’s name 
and the element’s subscript, which is specified in square brackets immedi¬ 
ately following the name. 

Parallel arrays are two or more arrays whose elements are related by their 
corresponding subscript (or position) in the arrays. 

Key Terms 

Array —a group of related variables that have the same name and data type 

Bubble sort —one of many sorting algorithms used to sort small arrays; works 
by comparing adjacent array elements and swapping the ones that are out of 
order 

Elements —the variables in an array 

One-dimensional array —an array whose elements are identified by a unique 
subscript 

Parallel arrays —two or more arrays whose elements are related by their cor¬ 
responding position (subscript) in the arrays 

Populating the array —refers to the process of initializing the elements in an 
array 

Scalar variable —another term for a simple variable 

Simple variable —a variable that is unrelated to any other variable in the 
computer’s internal memory; also called a scalar variable 

Sorting— the process of arranging data in a specific order 

Subscript —a unique number that identifies the position of an element in 
an array 

Review Questions 

1. Which of the following is false? 

a. The elements in an array are related in some way. 

b. All of the elements in an array have the same data type. 

c. All of the elements in a one-dimensional array have the same 
subscript. 

d. The first element in a one-dimensional array has a subscript of 0 
(zero). 








Review Questions 


2. Which of the following statements declares a five-element array 
named population? 


a. 

int 

population[4] 

= {0}; 

b. 

int 

population[5] 

= {0}; 

c. 

int 

population[4] 

= 0 

d. 

int 

population[5] 

= {0} 


Use the sales array to answer Review Questions 3 through 7. The 
array was declared using the i nt sales[5] = {10000, 12000, 
900, 500, 20000} ; statement. 

3. Thesales[3] = sales[3] + 10; statement will replace the 

number_. 

a. 500 with 10 

b. 500 with 510 

c. 900 with 910 

d. 900 with 910 

4. The sales [4] = sales[4 - 2 ]; statement will replace the 

number_. 

a. 20000 with 900 

b. 20000 with 19998 

c. 500 with 12000 

d. 500 with 498 

5. Thecout « sales[0] + sales[l] « endl ; statement 

will_. 

a. display 22000 

b. display 10000 + 12000 

c. display sal es [0] + sales[l] 

d. result in an error 

6. Which of the following i f clauses verifies that the array subscript 
stored in the x variable is valid for the sales array? 

a. if (sales[x] >= 0 && sales[x] < 4) 

b. if (sales[x] >= 0 && sales[x] <= 4) 

c. if (x >= 0 && x < 4) 

d. if (x >= 0 && x <= 4) 
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7. Which of the following will correctly add the number 100 to each 
variable in the sales array? The x variable was declared using the 
i nt x = 0 ; statement. 

a. while (x <= 4) 

x += 100; 

//end while 

b. while (x <= 4) 

{ 

sales = sales + 100; 
x += 1; 

} //end while 

c. while (sales < 5) 

{ 

sales[x] += 100; 

} //end while 

d. while (x <= 4) 

{ 

sales[x] += 100; 
x += 1; 

} //end while 

Use the nums array to answer Review Questions 8 through 12. The 
array was declared using the i nt nums [4] = {10, 5, 7, 2}; 
statement. The x and total variables are i nt variables and are initial¬ 
ized to 0. The avg variable is a doubl e variable and is initialized to 0.0. 

8. Which of the following will correctly calculate the average of the ele¬ 
ments included in the nums array? 

a. while (x < 4) 

{ 

nums[x] = total + total; 
x += 1; 

} //end while 

avg = static_cast<double>(total) / 
static_cast<double>(x); 

b. while (x < 4) 

{ 

total += nums[x]; 
x += 1; 

} //end while 

avg = static_cast<double>(total) / 
static_cast<double>(x); 

c. while (x < 4) 

{ 

total += nums[x]; 
x += 1; 

} //end while 

avg = static_cast<double>(total) / 
static_cast<double>(x) - 1; 








Review Questions 


d. while (x < 4) 

{ 

total += nums[x]; 
x += 1; 

} //end while 

avg = static_cast<double>(total) / 
static_cast<double>(x - 1); 

9. The code in Review Question 8’s answer a assigns 


the 

avg variable. 

a. 

0.0 

b. 

5.0 

c. 

6.0 

d. 

8.0 


10. The code in Review Question 8’s answer b assigns 


the 

avg variable. 

a. 

0.0 

b. 

5.0 

c. 

6.0 

d. 

8.0 


11. The code in Review Question 8’s answer c assigns 


the 

avg variable. 

a. 

0.0 

b. 

5.0 

c. 

6.0 

d. 

8.0 


to 


to 


to 



12. The code in Review Question 8’s answer d assigns_to 


the 

avg variable. 

a. 

0.0 

b. 

5.0 

c. 

6.0 

d. 

8.0 


13. If the ci ti es and zi ps arrays are parallel arrays, which of the fol¬ 
lowing statements will display the city name associated with the zip 
code stored in the zi ps [8] variable? 

a. cout « ci ti es [zi ps [8] ] « endl ; 

b. cout « citiesfzips [8]) « endl; 

c. cout « cities[8] « endl; 

d. cout « cities(8) « endl; 
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Exercises 

Pencil and Paper 

- TRY THIS 

478 

1. Write the statement to declare and initialize a one-dimensional i nt 
array named numbers that has 20 elements. Then write the state¬ 
ment to store the number 7 in the second element in the array. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 

TRY THIS 

2. Write the code to display the contents of the numbers array from 
Pencil and Paper Exercise 1. Use the for statement with a counter 
variable named x. (The answers to TRY THIS Exercises are located at 
the end of the chapter.) 

MODIFY THIS 

3. Rewrite the code from Pencil and Paper Exercise 2 using the while 
statement. 

INTRODUCTORY 

4. Write the statement to declare and initialize a one-dimensional 

doubl e array named rates that has five elements. Use the following 
numbers to initialize the array: 6.5, 8.3, 4.0, 2.0, and 10.5. 

INTRODUCTORY 

5. Write the code to display the contents of the rates array from Pencil 
and Paper Exercise 4. Use the for statement. 

INTRODUCTORY 

6. Rewrite the code from Pencil and Paper Exercise 5 using the do 
while statement. 

INTERMEDIATE 

7. Write the statement to assign the C++ keyword true to the variable 
located in the third element in a one-dimensional bool array named 
answers. 

INTERMEDIATE 

8. Write the code to multiply by 2 the number stored in the first element 
in a one-dimensional i nt array named nums. Store the result in the 
numDoubl ed variable. 

INTERMEDIATE 

9. Write the code to add together the numbers stored in the first and 
second elements in a one-dimensional i nt array named nums. 

Display the sum on the screen. 

INTERMEDIATE 

10. Write the code to subtract the number 1 from each element in a 
one-dimensional i nt array named quanti ti es. The array has 

10 elements. Use the while statement. 

INTERMEDIATE 

11. Rewrite the code from Pencil and Paper Exercise 10 using the for 
statement. 

INTERMEDIATE 

12. Write the code to find the square root of the number stored in 
the first element in a one-dimensional doubl e array named 
mathNumbers. Display the result on the screen. 








Exercises 


13. Write the code to display the largest number stored in a one-dimen- ADVANCED 
sional i nt array named orders. The array has five elements. Use the 

while statement. 

14. Rewrite the code from Pencil and Paper Exercise 13 using the for ADVANCED 

statement. 


15. The numbers array is a five-element one-dimensional i nt array. The SWAT THE BUGS 
following statement should display the result of raising the first array 
element to the second power: cout « pow(nums[0], 2);. Cor¬ 
rect the statement. 



Computer 


16. If necessary, create a new project named TryThisl6 Project. Enter 
the C++ instructions from Figure 11-19 (in the chapter) into a source 
file named TryThisl6.cpp. Change the filename in the first comment 
to TryThisl6.cpp. Save and then run the program. Test the program 
using the data shown in Figure 11-20 in the chapter. Change each of 
the for loops in the program to whi 1 e loops. Save and then run the 
program. Test the program using the data shown in Figure 11-20 in 
the chapter. (The answers to TRY THIS Exercises are located at the 
end of the chapter.) 


TRY THIS 


17. If necessary, create a new project named TryThisl7 Project. Enter the TRY THIS 
C++ instructions from Figure 11-22 (in the chapter) into a source file 
named TryThisl7.cpp. Change the filename in the first comment to 
TryThisl7.cpp. Save and then run the program. Create a void function 
named get Average. The get Average function should calculate the 
average number of pounds of coffee used. Hint: Pass the average 
variable by reference. (The answers to TRY THIS Exercises are located 
at the end of the chapter.) 


18. In this exercise, you modify the random numbers program from MODIFY THIS 

the chapter. If necessary, create a new project named ModifyThisl8 
Project. Enter the C++ instructions from Figure 11-32 into a source 
file named ModifyThisl8.cpp. Change the filename in the first com¬ 
ment to ModifyThisl8.cpp. Add another program-defined value¬ 
returning function to the program. Name the function getLowest. 

The getLowest function should determine the lowest integer in the 
array. Save and then run the program. Test the program appropriately. 


19. In this exercise, you modify the hourly rate program from the chapter. MODIFY THIS 
If necessary, create a new project named ModifyThisl9 Project. Enter 
the C++ instructions from Figure 11-28 into a new source file named 
ModifyThisl9.cpp. Change the filename in the first comment to 
ModifyThisl9.cpp. Save and then run the program. Test the program 
appropriately. Now modify the program to use pay codes of A, B, C, 

D, E, and F. Store the pay codes in a parallel array, and then modify 
the program’s code appropriately. Save and then run the program. 

Test the program appropriately. 
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INTRODUCTORY 20. Follow the instructions for starting C++ and opening the Introduc¬ 

tory 20.cpp file. The file is contained in either the Cpp6\Chapll\ 
Introductory20 Project folder or the Cpp6\Chapll folder. The 
program should calculate the average of the values stored in the rates 
array. It then should display the average rate on the screen. Complete 
the program using the for statement. Save and then run the program. 

INTRODUCTORY 21. Follow the instructions for starting C++ and opening the Introduc- 

tory21.cpp file. The file is contained in either the Cpp6\Chapll\ 
Introductory21 Project folder or the Cpp6\Chapll folder. The program 
should display the contents of the orders array. Complete the pro¬ 
gram using the while statement. Save and then run the program. 

INTERMEDIATE 22. Follow the instructions for starting C++ and opening the Interme- 

diate22.cpp file. The file is contained in either the Cpp6\Chapll\ 
Intermediate22 Project folder or the Cpp6\Chapll folder. The pro¬ 
gram should display the contents of the two parallel arrays. Complete 
the program using the do while statement. Save and then run the 
program. 


INTERMEDIATE 23. In this exercise, you modify the program from Lab 11-2 in the chap¬ 

ter. If necessary, create a new project named Intermediate23 Project. 
Copy the instructions from the Labll-2.cpp file into a source file 
named Intermediate23.cpp. (Alternatively, you can enter the instruc¬ 
tions from Figure 11-57 into the Intermediate23.cpp file.) Change the 
filename in the first comment to Intermediate23.cpp. Add three addi¬ 
tional functions to the program: di spl ayAverage, di spl ayHi gh, 
and di spl ayLow. The functions should display the average rainfall 
amount, the highest rainfall amount, and the lowest rainfall amount. 
Save and then run the program. Test the program appropriately. 


INTERMEDIATE 24. If necessary, create a new project named Intermediate24 Project. Also 

create a new source file named Intermediate24.cpp. Declare a 12-el¬ 
ement i nt array named days. Assign the number of days in each 
month to the array, using 28 for February. Code the program so that 
it displays the number of days corresponding to the month number 
entered by the user. For example, when the user enters the number 7, 
the program should display the number 31. The program also should 
display an appropriate message when the user enters an invalid month 
number. Use a sentinel value to end the program. Save and then run 
the program. Test the program using the valid numbers 1 through 12. 
Also test it using an invalid number, such as 20. 


INTERMEDIATE 25. Follow the instructions for starting C++ and opening the Interme- 

diate25.cpp file. The file is contained in either the Cpp6\Chapll\ 
Intermediate25 Project folder or the Cpp6\Chapll folder. Code the 
program so that it asks the user for a percentage amount by which each 
price should be increased. The program then should increase each price 
in the array by that amount. For example, when the user enters the 
number 15, the program should increase each element’s value by 15%. 
After increasing each price, the program should display the contents of 
the array. Save and then run the program. Increase each price by 5%. 









Exercises 


26. In this exercise, you modify the program from Computer Exercise INTERMEDIATE 

25. If necessary, create a new project named Intermediate26 Proj¬ 
ect. Also create a new source file named Intermediate26.cpp. Copy 

the C++ instructions from the Intermediate25.cpp file into the 
Intermediate26.cpp file. Change the filename in the first comment 
to Intermediate26.cpp. Modify the program so that it also asks the 
user to enter a number from 1 through 10. When the user enters the 
number 1, the program should update only the first price in the array. 

When the user enters the number 2, the program should update 
only the second price in the array, and so on. Use a loop that stops 
prompting the user when he or she enters a number that is either less 
than or equal to 0 or greater than 10. Save and then run the program. 

Increase the second price by 10%. Next, increase the tenth price by 
2%. Finally, decrease the first price by 10%. 

27. Follow the instructions for starting C++ and opening the ADVANCED 

Advanced27.cpp file. The file is contained in either the Cpp6\Chapll\ 

Advanced27 Project folder or the Cpp6\Chapll folder. Enter the code 

that prompts the user to enter a score from 0 through 100. The pro¬ 
gram should display the number of students earning that score. Use 
a sentinel value to end the program. Save and then run the program. 

Use the program to answer the following questions. 

How many students earned a score of 72? 

How many students earned a score of 88? 

How many students earned a score of 20? 

How many students earned a score of 99? 

28. In this exercise, you modify the program from Computer Exercise 27. ADVANCED 
If necessary, create a new project named Advanced28 Project. Also 

create a new source file named Advanced28.cpp. Copy the C++ 
instructions from the Advanced27.cpp file into the Advanced28.cpp 
file. Change the filename in the first comment to Advanced28.cpp. 

Modify the program so that it prompts the user to enter a minimum 
score and a maximum score. The program should display the number 
of students who earned a score within that range. Use a sentinel value 
to end the program. Save and then run the program. Use the program 
to answer the following questions. 

How many students earned a score from 70 through 79? 

How many students earned a score from 65 through 85? 

How many students earned a score from 0 through 50? 


29. In this exercise, you create a program that generates and displays six ADVANCED 

unique random integers for a lottery game. Each lottery number can 
range from 1 through 54 only. If necessary, create a new project named 
Advanced29 Project. Also create a new source file named Advanced29. 
cpp. Create a program that generates six unique random integers from 1 
through 54, and then displays the integers on the screen. (Hint: Store the 
numbers in a one-dimensional array.) Save and then run the program. 
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30. In this exercise, you create a program that uses two parallel one¬ 
dimensional arrays. Ms. Jenkins uses the grade table shown in 
Figure 11-60 for her Introduction to Programming course. She wants 
a program that displays the grade after she enters the total points 
earned. If necessary, create a new project named Advanced30 Project. 
Also create a new source file named Advanced30.cpp. Store the 
minimum points in a one-dimensional i nt array. Store the grades in 
a one-dimensional char array. Use a sentinel value to stop the pro¬ 
gram. Save and then run the program. Test the program using the 
following amounts: 455, 210, 400, and 349. 


Minimum points 

Maximum points 

Grade 

0 

299 

F 

300 

349 

D 

350 

399 

C 

400 

449 

B 

450 

500 

A 


Figure 11-60 

ADVANCED 31. In this exercise, you modify the program from Computer Exercise 30. 

The modified program allows the user to change the grading scale 
while the program is running. If necessary, create a new project 
named Advanced31 Project. Also create a new source file named 
Advanced31.cpp. Copy the instructions from the Advanced30.cpp 
file into the Advanced31.cpp file. Change the filename in the first 
comment. Modify the program so that it allows the user to enter the 
total number of possible points—in other words, the total number of 
points a student can earn in the course—when the program is run. 
Also modify the program so that it uses the grading scale shown in 
Figure 11-61. For example, when the user enters the number 500 
as the total number of possible points, the program should use 450 
(which is 90% of 500) as the minimum number of points for an A. 
When the user enters the number 300 as the total number of possible 
points, the program should use 270 (which is 90% of 300) as the mini¬ 
mum number of points for an A. Save and then run the program. Test 
the program using 300 as the total number of possible points and 185 
as the number of points earned. The program should display D as the 
grade. Stop the program. Then test it using 500 and 363 as the total 
number of possible points and the total points earned, respectively. 
The program should display C as the grade. 


ADVANCED 


482 


Minimum points 

Grade 

0 

F 

60% of the possible points 

D 

70% of the possible points 

C 

80% of the possible points 

B 

90% of the possible points 

A 


Figure 11-61 











Exercises 


32. In this exercise, you create a program that uses two parallel one¬ 
dimensional arrays. The program displays a shipping charge that is 
based on the number of items ordered by a customer. The shipping 
charge scale is shown in Figure 11-62. If necessary, create a new proj¬ 
ect named Advanced32 Project. Also create a new source file named 
Advanced32.cpp. Store the maximum order amounts in a one-dimen¬ 
sional i nt array. Store the shipping charge amounts in a parallel one¬ 
dimensional int array. The program should allow the user to enter 
the number of items a customer ordered. It then should display the 
appropriate shipping charge. Use a sentinel value to stop the program 
Save and then run the program. Test the program appropriately. 


Minimum order 

Maximum order 

Shipping charge 

1 

10 

15 

11 

50 

10 

51 

100 

5 

101 

99999 

0 


Figure 11-62 


33. In this exercise, you code a program that uses three parallel numeric ADVANCED 
arrays. The program searches one of the arrays and then displays the 
corresponding values from the other two arrays. Follow the instruc¬ 
tions for starting C++ and opening the Advanced33.cpp file. The file 

is contained in either the Cpp6\Chapll\Advanced33 Project folder 
or the Cpp6\Chapll folder. The program should prompt the user to 
enter a product ID. It then should search for the product ID in the 
ids array and display the corresponding price and quantity from the 
pri ces and quanti ti es arrays. Allow the user to display the price 
and quantity for as many product IDs as desired without having to 
execute the program again. Save and then run the program. Test the 
program appropriately. 

34. Follow the instructions for starting C++ and opening the SWAT THE BUGS 

SwatTheBugs34.cpp file. The file is contained in either the Cpp6\ 

Chapll\SwatTheBugs34 Project folder or the Cpp6\Chapll folder. 

Debug the program. 


ADVANCED 


483 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. int numbers[20] = {0}; 
numbers[1] = 7; 

2. for (int x = 0; x < 20; x += 1) 

cout « numbers[x] « endl; 
//end for 
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Computer 


16. See Figure 11-63. The changes are shaded in the figure. 




1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


//TryThisl6.cpp - displays the contents 
//of an array 

//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <iomanip> 
using namespace std; 

//function prototype 

void displayArrayCdouble dollars[], int numElements); 

int main() 

{ 

//declare array 
double sales[4] = {0.0}; 

//fill array with data 
int sub = 0; 
while (sub < 4) 

{ 

cout « "Enter the sales for Region 
cout « sub + 1 « ": 
cin » sales[sub]; 
sub += 1; 

} //end while 

//display the contents of the array 
displayArray(sales, 4); 

system("pause") ■ _your C++development tool may 

. n not require this statement 

return 0; -_- - 

} //end of main function 
//*****f U nction defini tions***** 

void displayArrayCdouble dollars[], int numElements) 

{ 

cout « fixed « setprecision(2) « endl « endl; 
int sub = 0; 

while (sub < numElements) 

{ 

cout « "Sales for Region " « sub + 1 « ": $"; 
cout « dollars[sub] « endl; 
sub += 1; 

} //end while 

} //end of displayArray function 


Figure 11-63 

























Exercises 


17. See Figure 11-64. The changes are shaded in the figure. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 


//TryThisl7.cpp 

//Displays the total and average number of pounds 
//of coffee used during a 12-month period 
//Created/revised by <your name> on <current date> 


#include <iostream> 
using namespace std; 


//function prototype 

double getTotal(double poundsUsed[] 

void getAverage(double totalLbs, 

int numElements, 
double &avg); 


int numElements); 


int main() 

{ 

//declare array 

double pounds[12] = {400.5, 450.0, 

475.5, 336.5, 457.0, 325.0, 220.5, 

276.0, 300.0, 320.5, 400.5, 415.0}; 
//declare variables 
double total = 0.0; 
double average = 0.0; 

//calculate the total and average pounds used 
total = getTotal(pounds, 12); 
getAverage(total, 12, average); 

//display the total and average pounds used 
cout « "Total pounds: " « total « endl; 
cout « "Average pounds: " « average « endl; 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development tool may 
not require this statement 


//*****function defini tions***** 

double getTotal(double poundsUsed[], int numElements) 

{ 

double totalUsed = 0.0; //accumulator 


//accumulate the pounds used 

for (int sub = 0; sub < numElements; sub += 1) 
totalUsed += poundsUsed[sub]; 

//end for 


return totalUsed; 

} //end of getTotal function 


void getAverage(double totalLbs, 

int numElements, 
double &avg) 

| 

avg = totalLbs / numElements; 

} //end of getAverage function 
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Figure 11-64 

























After studying Chapter 12, you should be able to: 

Declare and initialize a two-dimensional array 
Enter data into a two-dimensional array 
Display the contents of a two-dimensional array 
Sum the values in a two-dimensional array 
Search a two-dimensional array 
Pass a two-dimensional array to a function 
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Using Two-Dimensional Arrays 

As discussed in Chapter 11, an array is a group of related variables that have 
the same data type. Recall that the most commonly used arrays in business 
applications are one-dimensional and two-dimensional. You can visual¬ 
ize a one-dimensional array as a column of variables in memory, similar 
to the column of storage bins shown in Figure 11-1 in Chapter 11. A two- 
dimensional array, on the other hand, resembles a table in that the variables 
are in rows and columns. You can determine the number of variables in a 
two-dimensional array by multiplying the number of its rows by the number 
of its columns. An array that has four rows and three columns, for example, 
contains 12 variables. Each variable in a two-dimensional array is identi¬ 
fied by a unique combination of two subscripts that the computer assigns to 
the variable when the array is created. The subscripts specify the variable’s 
row and column positions in the array. Variables located in the first row in 
a two-dimensional array are assigned a row subscript of 0. Variables in the 
second row are assigned a row subscript of 1, and so on. Similarly, variables 
located in the first column in a two-dimensional array are assigned a column 
subscript of 0. Variables in the second column are assigned a column sub¬ 
script of 1, and so on. You refer to each variable in a two-dimensional array 
by the array’s name and the variable’s row and column subscripts, with the 
row subscript listed first and the column subscript listed second. The row 
subscript is enclosed in a set of square brackets ([]) and so is the column 
subscript. For example, to refer to the variable located in the first row, first 
column in a two-dimensional array named orders, you use orders [0] 

[0] —read “orders sub zero zero.” Similarly, to refer to the variable located 
in the second row, third column, you use orders[l] [2]. Notice that the 
subscripts are one number less than the row and column in which the vari¬ 
able is located; this is because the row and column subscripts start at 0 rather 
than at 1. You will find that the last row subscript in a two-dimensional array 
is always one number less than the number of rows in the array. Similarly, 
the last column subscript is always one number less than the number of col¬ 
umns in the array. Figure 12-1 illustrates the variables contained in the two- 
dimensional orders array using the storage bin analogy. The rati ng and 
numSol d variables included in the figure are scalar variables. 



Recall that a 
subscript also is 
s called an index. 
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Figure 12-1 Names of some of the variables contained in the two-dimensional orders array 


Figure 12-2 shows the problem specification and IPO chart information for 
the Caldwell Company’s orders program, which uses a two-dimensional array 
to store the number of orders received from each of the company’s four sales 
regions during the first three months of the year. Each row in the array repre¬ 
sents a region, and each column represents a month. The program allows the 
user to enter the order amounts and then displays the amounts on the com¬ 
puter screen. Before you can code the orders program, you need to learn how 
to declare and initialize a two-dimensional array. You also need to learn how 
to store data in a two-dimensional array and display data from the array. 


Problem specification 

The Caldwell Company wants a program that allows the user to enter the number 
of orders received from each of its four sales regions during the first three months 
of the year. The order amounts should be stored in a two-dimensional int array 
that contains four rows and three columns. Each row represents a region, and each 
column represents a month. The program then should display the order amounts 
on the computer screen. The order amounts for Region 1 should be displayed first, 
followed by Region 2’s order amounts, and so on. 


Figure 12-2 Problem specification and IPO chart for the Caldwell Company's orders program 
(continues) 
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(continued) 

Input Processing 

wum.ber of orders Processing Items: 

(from. each of array (4 reglow rows, 3 month columns) 

4 reglows for region subscript counter (o to 3) 

3 months) month su.bsc.ropt counter (o to 2) 

Algorithm.: 

1. repeat for (each of the 4 reglow rows) 

repeat for (each of the 3 month columws) 
ewter the wu.rn.ber of orders Iwto 
the current array element, uslwg 
the reglow subscript counter a wd 
the month subscript counter 
end repeat 
end repeat 

2. repeat for (each of the 4 reglow rows) 

display the reglow wwm.ber, use the reglow 
subscript counter + l 

repeat for (each of the 3 month columns) 
display the month number, use the 
month subscript counter + 1 

display the number of orders 
stored Iwthe currewt array element, 
using the reglow subscript counter a wd 
the month subscript counter 
end repeat 
end repeat 


Output 

number of orders 
(from each of 
4 reglows for 
3 months) 



Figure 12-2 Problem specification and IPO chart for the Caldwell Company’s orders program 


Declaring and Initializing a Two-Dimensional Array 

Before you can use a two-dimensional array in a program, you first must 
declare (create) it. It also is a good programming practice to initialize the 
array variables to ensure they will not contain garbage when the program 
is run. Recall that assigning initial values to an array is often referred to as 
populating the array. You should populate an array using values that have 
the same data type as the array. Figure 12-3 shows the syntax for declaring 
and initializing a two-dimensional array in C++. In the syntax, 
is the name of the array and is the type of data the array variables 

(elements) will store. Recall that each of the elements in an array has the 
same data type. The and items, each of 

which is enclosed in its own set of square brackets, are integers that specify 
the number of rows and columns, respectively, in the array. You can initialize 
the elements in a two-dimensional array by entering a separate 
section, enclosed in braces, for each row in the array. If the array has two 
rows, then the statement that declares and initializes the array can have a 
maximum of two sections. If the array has five rows, then the 

declaration statement can have a maximum of five sections. 
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Within the individual initialValues sections, you enter one or more values 
separated by commas. The maximum number of values you enter corre¬ 
sponds to the maximum number of columns in the array. If the array con¬ 
tains 10 columns, then you can include up to 10 values in each initialValues 
section. In addition to the set of braces that surrounds each individual initial¬ 
Values section, notice in the syntax that a set of braces also surrounds all of 
the initialValues sections. Also shown in Figure 12-3 are examples of declar¬ 
ing and initializing two-dimensional arrays. 



HOW TO Declare and Initialize a Two-Dimensional Array 
Syntax 

dataType arrayName[numberOfRows][numberOfColumns ] = 

{{ initialValues }, { initialValues }, . ..{initialValues}}; 

Example 1 

char grades[3][2] = {{'C\ 'A'}, {'B' , 'C'}, {'D', 'B'}}; 
declares and initializes a three-row, two-column char array named grades 

Example 2 

int orders[4][B] = {0}; 

or 

int orders[4][B] = {{0}, {0}, {0}, {0}}; 

or 

int orders[4][3] = {{0, 0, 0}, {0, 0, 0}, {0, 0, 0}, {0, 0, 0}}; 
declares and initializes a four-row, three-column int array named orders; 
each element is initialized to 0 

Example 3 

double prices[6][5] = {2.0}; 

declares and initializes a six-row, five-column double array named prices; 
the prices[0] [0] element is initialized to 2.0; the other elements are 
initialized to 0.0 

Figure 12-3 How to declare and initialize a two-dimensional array 

The declaration statement in Example 1 in Figure 12-3 creates a two- 
dimensional char array named grades. The grades array contains three 
rows and two columns. The statement initializes the first row in the array to 
the grades C and A, the second row to the grades B and C, and the third row 
to the grades D and B, as illustrated in Figure 12-4. 


grades[0][0] 
grades[1][0] 
grades[2][0] 


c 

A 

B 

C 

D 

B 


grades [0] [1] 
grades[1][1] 
grades [2] [2] 


Figure 12-4 Illustration of the two-dimensional grades array 

You can use any of the three statements shown in Example 2 in Figure 12-3 
to declare the two-dimensional orders array and initialize the variables 
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(elements) in its four rows and three columns to the number 0. When you 
don’t provide an initial value for each of the elements in an i nt array, most 
C+ compilers initialize the uninitialized elements to the integer 0. The 
statement shown in Example 3 in Figure 12-3 declares a two-dimensional 
doubl e array named pri ces; the array contains six rows and five columns. 
The statement initializes the element located in the first row, first column 
of the array to 2.0. The remaining elements will be initialized to the doubl e 
number 0.0 by most C++ compilers. Keep in mind that if you inadvertently 
provide more sections than the number of rows in the array, 

or if you provide more values in an section than the number of 

columns in the array, most C++ compilers will display the error message “too 
many initializers” when you attempt to compile the program. However, not 
all C++ compilers display a message when this error occurs. Rather, some 
compilers store the extra values in memory locations adjacent to, but not 
reserved for, the array. Therefore, you always should be careful to provide the 
appropriate number of sections and the appropriate number of 

values in each section. 



Entering Data into a Two-Dimensional Array 

As you can with one-dimensional arrays, you can use either an assign¬ 
ment statement or the extraction operator to enter data into the elements 
of a two-dimensional array. Figure 12-5 shows the syntax of an assignment 
statement that accomplishes the entry task. The 

section of the syntax represents the name and subscripts 
of the element to which you want the (data) assigned. The 

can include any combination of constants, variables, and operators. The 
data type of the must match the data type of the array element to 

which the is assigned. If the data types do not match, an implicit 

type conversion will occur and may result in incorrect output. Also included 
in Figure 12-5 are examples of assignment statements that assign data to the 
elements in various arrays. The arrays were declared earlier in Figure 12-3. 
The assignment statement in Example 1 assigns the letter F to the element 
located in the second row, first column in the grades array, replacing the 
letter B that was stored in the element when the array was declared. The 
code in Example 2 assigns the integer 0 to each of the 12 elements in the 
orders array and provides another means of initializing the array. Notice 
that the code uses two loops to access each element in the array. One of 
the loops keeps track of the row subscript, while the other loop keeps track 
of the column subscript. The code assigns the integer 0 to the array, row 
by row. In other words, it assigns 0 to each element in the first row before 
assigning 0 to each element in the second row and so on. The code in Exam¬ 
ple 3 assigns a new price to each of the elements in the pri ces array. The 
new price is calculated by the assignment statement within the nested loop. 
The statement multiplies the old price by the contents of the INCREASE 
named constant and then assigns the result to the current element in the 
array. Tike the code in Example 2, the code in Example 3 needs to use two 
loops to access each element in the array. However, unlike the code in Exam¬ 
ple 2, the code in Example 3 assigns values to the array, column by column, 
rather than row by row. This means that the code will assign values to each 
element in the first column before assigning values to each element in the 
second column and so on. 


Recall that you 
can determine 
= the number of 
elements in a 
two-dimensional 
array by multiplying the 
number of its rows by 
the number of its 
columns. 
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You also can use 
the C++ incre- 
= ment operator 
(++) to add 1 to 
a variable. For 
instance, you can use 
row++ and col umn++ 
in Example 2, and 
row++; and column++; 
in Example 3. 

Be sure to always 
use valid row and 
s column subscripts 
when referring to 
an element in a 
two-dimensional array. If 
the compiler encounters 
an invalid subscript, it will 
display an error message 
and the program will end 
abruptly. 



HOW TO Use an Assignment Statement to Assign Data to a 

Two-Dimensional Array 

Syntax 

arrayName[rowSubscript][columnSubscript] = expression; 

Example 1 

grades[1][0] = 'F'; 

assigns the letter F to the element located in the second row, first column in 
the grades array 

Example 2 

for (int row = 0; row < 4; row += 1) 

for (int column = 0; column < 3; column += 1) 
orders[row][column] = 0; 

//end for 
//end for 

assigns the integer 0 to each element in the four-row, three-column orders 
array, row by row; provides another means of initializing the array 

Example 3 

int row = 0; 

int column = 0; 

double oldPrice = 0.0; 

const double INCREASE = 1.15; 

while (column < 5) 

{ 

while (row < 6) 

{ 

cout « "Price: "; 
cin » oldPrice; 

prices[row][column] = oldPrice * INCREASE; 
row += 1; 

} //end while 
column += 1; 
row = 0; 

} //end while 

assigns the new price to each element in the six-row, five-column pri ces 
array, column by column; the new price is calculated by multiplying the old 
price by the value stored in the increase named constant 

Figure 12-5 Flow to use an assignment statement to assign data to a two-dimensional 
array 

As already mentioned, you also can use the extraction operator to store 
data in an element in a two-dimensional array. Figure 12-6 shows the syntax 
and examples of doing this. (The arrays in Figure 12-6 were declared earlier 
in Figure 12-3.) The ci n statement in Example 1 stores the user’s entry in 
the element located in the third row, second column in the grades array, 
replacing the element’s existing data. The code in Example 2 contains two 
for loops. The instructions in the outer loop will be repeated once for each 
region, while the instructions in the nested loop will be repeated once for 
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each month within each region. The cout statement in the nested loop 
prompts the user to enter the number of orders for the current region and 
month. The ci n statement stores the user’s response in the current element 
in the orders array. The responses will be stored, row by row, in the array. In 
other words, the monthly sales for Region 1 will be stored before the monthly 
sales for Region 2 and so on. Example 3 contains an outer while loop and a 
nested for loop. The while loop repeats its instructions for each column in 
the array, and the for loop repeats its instructions for each row in the array. 
The cout statement in the for loop prompts the user to enter a price, and 
the ci n statement stores the user’s response in the current element in the 
pri ces array. The responses will be stored, column by column, in the array. 



HOW TO Use the Extraction Operator to Store Data in a 

Two-Dimensional Array 

Syntax 

cin » arrayName[subscript][subscript ]; 


Example 1 

cin » grades[2][1]; 

stores the user’s entry in the element located in the third row, second 
column in the grades array 


Example 2 


you also can use region++ 


r 


X 


1 


for (int region = 0; region < 4; region += 1) 

for (int month = 0; month < 3; month += 1) 


{ 






} 


cout « "Number of orders for Region 
« region + 1 « ", Month " 

« month + 1 « ": 
cin » orders[region][month]; 

//end for 


you also can 
use month++ 


//end for 

stores the user’s entries in the four-row, three-column orders array, region 
(row) by region (row) 


Example 3 
int column = 0; 
while (column < 5) 
{ 


you also can use row++ 


r 


X 


1 


} 


for (int row = 0; row < 6; row += 1) 

{ 

cout « "Price: 

cin » prices[row][column]; 

} //end for 

column += 1; - 

//end while 


you also can use col umn++; 


stores the user’s entries in the six-row, five-column prices array, column by 
column 


Figure 12-6 How to use the extraction operator to store data in a two-dimensional array 
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Displaying the Contents of a Two-Dimensional Array 

To display the contents of a two-dimensional array, you need to access each of 
its elements. You do this using two counter-controlled loops: one to keep track 
of the row subscript and the other to keep track of the column subscript. Figure 
12-7 shows examples of loops you can use to display the contents of the arrays 
declared earlier in Figure 12-3. Example 1 uses two while loops to display the 
contents of the grades array, column by column. Recall that the grades array 
contains three rows and two columns. Example 2 uses two for loops to dis¬ 
play the contents of the four-row, three-column orders array, region (row) by 
region (row). Example 3 uses both a do whi 1 e loop and a for loop to display 
the contents of the six-row, five-column pri ces array, row by row. 


You also can use 
row++; and 
= col umn++; in 
Example 1, 
region++ and 
month++ in Example 2, 
and col umn++ and 
row++ ; in Example 3. 



HOW TO Display the Contents of a Two-Dimensional Array 

Example 1 

int row = 0; 

int column = 0; 

while (column < 2) 

{ 

while (row < 3) 

{ 

cout « grades[row][column] « endl; 
row += 1; 

} //end while 
column += 1; 
row = 0; 

} //end while 

displays the contents of the three-row, two column grades array, column by 
column 

Example 2 

for (int region = 0; region < 4; region += 1) 

for (int month = 0; month < 3; month += 1) 
cout « orders[region][month] « endl; 

//end for 
//end for 

displays the contents of the four-row, three column orders array, region 
(row) by region (row) 

Example 3 
int row = 0; 
do //begin loop 
{ 

for (int column = 0; column < 5; column += 1) 
cout « prices[row][column] « endl; 

//end for 
row += 1; 

} whi1e (row < 6) ; 

displays the contents of the six-row, five-column prices array, row by row 


Figure 12-7 How to display the contents of a two-dimensional array 
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Now that you know how to declare and initialize a two-dimensional array, as 
well as how to store data in the array and display data from the array, you can 
code the Caldwell Company’s orders program. 

Coding the Caldwell Company's Orders Program 

Earlier, in Figure 12-2, you viewed the problem specification and IPO chart 
for the Caldwell Company’s orders program. Figure 12-8 shows the IPO chart 
information along with the corresponding C++ instructions. Figure 12-9 
shows the code for the entire program, and Figure 12-10 shows a sample run 
of the program. 



IPO chart information 

InDut 

number of orders, (from inch of 

4 regions for 3 rn.oiA.ths) 

C++ instructions 

the orders will be entered into the array 

Processing 

array (4 region rows, 

3 rw.oiA.th columns) 

region subscript counter ( 0 to 3) 

month subscript counter (o to 2) 

int orders[4][3] = {0}; 

declared and initialized in the for clause 
declared and initialized in the for clause 

OutDUt 

number of orders, (from each of 

4 regions for 3 months) 

displayed from the array by the for loops 

Algorithm 

l. repeat for (each of the 

4 region rows) 

repeat for (each of the 

3 month columns) 

for (int region = 0; region < 4; 
region += 1) 

for (int month = 0; month < 3; 
month += 1) 

{ 

cout « "Number of orders 
for Region " « region + 1 
« ", Month " « month + 1 

« 

cin » orders[region][month]; 

} //end for 
//end for 

enter the number of orders 
into the current array 
element, using the region 
subscript counter and the 
month subscript counter 
end repeat 
end repeat 

2 . repeat for (each of the 

4 region rows) 

for (int region = 0; region < 4; 
region += 1) 

{ 

cout « "Region " « region 
+ 1 « ": " « end]; 

display the region number, use 
the region subscript counter + l 

repeat for (each of the 

3 month columns) 

for (int month = 0; month < 3; 
month += 1) 

{ 

cout « " Month " « 
month + 1 « ": "; 

display the month number, use 
the month subscript counter + 1 


Figure 12-8 IPO chart information and C++ instructions for the Caldwell Company’s orders 
program (continues) 
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(continued) 


display the number of orders 

cout « orders[region][month] 

stored Iia the current array 

« endl; 

elerweiA-t, u.sliAg the region 


subscript &ou.n.ter aiAd the 


HAOiAth subscript coiAiAter 


ertd repeat 

} //end for 

ervd repeat 

} //end for 



Figure 12-8 IPO chart information and C++ instructions for the Caldwell Company’s orders 
program 


You also can use 
regi on++ in 
^ Lines 14 and 25, 
and month++ in 
Lines 15 and 29. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


//Caldwell Company.cpp 

//Displays the contents of a two-dimensional array 
//Created/revised by <your name> on <current date> 


#include <iostream> 
using namespace std; 


int mainO 

{ 

//declare and initialize array 
int orders[4][3] = {0}; - 


array declaration 


//enter data into the array 

for (int region = 0; region < 4; region += 1) — 
for (int month = 0; month < 3; month += 1) 

{ 

cout « "Number of orders for Region " 
« region + 1 « ", Month " 

« month + 1 « ": "; 
cin » orders[region][month]; 

} //end for 

//end for - 


stores data 
in the array 


//display the contents of the array 

for (int region = 0; region < 4; region += 1) 

{ 

cout « "Region " « region + 1 
« ": " « endl ; 

for (int month = 0; month < 3; month += 1) 

{ 

cout « " Month " « month + 1 


cout « orders[region][month] « endl; 
} //end for 

} //end for - 


systemC'pause") ; - 

return 0; 

} //end of main function 


your C++ development tool may 
not require this statement 


displays the 
contents of 
the array 


Figure 12-9 Caldwell Company’s orders program 
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Figure 12-10 Sample run of the Caldwell Company’s orders program 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


a. 

int 

quantities[2][4] 

= {0} 

b. 

int 

quantities[4][2] 

= {0} 

c. 

int 

quantities{2}{4} 

= [0] 

c. 

int 

quantities{4}{2} 

= [0] 


2. How many elements are contained in a five-row, four-column array? 

3. What is the name of the first element in the quanti ti es array from 
Question 1? 

3. What is the name of the last element in the quantities array from 
Question 1? 

4. Write a C++ statement that assigns the number 5 to the element 
located in the second column, first row in the quantities array 
from Question 1. 


Mini-Quiz 12-1 

1. Which of the following declares a four-row, two column i nt array 
named quantities and initializes each of its 8 elements to the 
number 0? 
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Accumulating the Values Stored 
in a Two-Dimensional Array 

Figure 12-11 shows the problem specification, IPO chart information, and 
C++ instructions for the Jenko Booksellers program. The program uses a 
two-dimensional array to store the sales made in each of the company’s 
three bookstores. The array contains three rows and two columns. The first 
column in the array contains the sales amounts for paperback books sold in 
each of the three stores. The second column contains the sales amounts for 
hardcover books. The program calculates the total sales by accumulating the 
amounts stored in the array. It then displays the total sales on the computer 
screen. Figure 12-12 shows the code for the entire program, and Figure 12-13 
shows the result of running the program. 


Problem specification 

Jenko Booksellers wants a program that calculates and displays the total of its 
previous month’s sales. The sales amounts, which are shown here, are stored in 
a two-dimensional double array named sales. The sales array contains three 
rows and two columns. The first column contains the sales amounts for paperback 
books sold in each of the three stores. The second column contains the sales 
amounts for hardcover books sold in each of the three stores. 

Paperback sales ($) Hardcover sales ($) 


Store 1 1200.33 

Store 2 3677.80 

Store 3 750.67 

IPO chart information 
Input 

store sales (made In each of 
3 stores for 2 types of boohs) 

Processing 

array (3 store rows, 

2 booh columns) 

store subscript cou.iA.ter (0 to 2 ) 
booh subscript counter (0 to 1 ) 

Output 

total sales (accumulator) 


2350.75 

2456.05 

1345.99 

C++ instructions 

the sales are stored In the array 


double sales[3][2] = 

{{1200.33, 2350.75}, 

{3677.80, 2456.05}, 

{750.67, 1345.99}}; 

declared and Initialized In the for clause 
declared and Initialized In the for clause 

double total = 0.0; 


Figure 12-11 Problem specification, IPO chart information, and C++ instructions for the 
Jenko Booksellers program (continues) 
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(continued) 


Algorithm 

l. repeat for (each of the 

for (int store 

= 0; store < 3; 

3 store rows) 

store += 1) 


repeat for (each of the 

for (int book = 0; book < 2; 

2 book, columns) 

book += 1) 


add the store sales from 

total += 

sales[store][book]; 

the current array element, 
using the store SK.bscn.pt 
cou.iA.ter and the book 
su.bscn.pt cou.iA.ter, to the 
total sales 
end repeat 

//end for 


end repeat 

//end for 


2. display the total sales 

cout « "Total 

sales: $" « total 

« endl ; 




Figure 12-11 Problem specification, IPO chart information, and C++ instructions for the 
Jenko Booksellers program 


1 //Jenko Booksellers.cpp - displays the total sales 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <iostream> 

5 #include <iomanip> 

6 using namespace std; 

7 

8 int main() 

9 { 

10 //declare array and variable 

11 double sales[3][2] = {{1200.33, 2350.75}, - 

12 {3677.80, 2456.05}, 

13 {750.67, 1345.99}}; - 

14 double total = 0.0; //accumulator 

15 

16 //accumulate sales 

17 for (int store = 0; store < 3; store += 1) - 

18 for (int book = 0; book < 2; book += 1) 

19 total += sales[store][book]; 

20 //end for 

21 //end for - 

22 

23 //display total sales 

24 cout « fixed « setprecision(2) ; 

25 cout « "Total sales: $" « total « endl; 

26 

27 system("pause"); - 

28 return 0; 

29 } //end of main function 


your C++ development 
tool may not require this 
statement 


You also can use 
store++ in Line 
^ 17andbook++ 
in Line 18. 


array 

declaration 


accumulates 
the sales stored 
in the array 


Figure 12-12 Jenko Booksellers program 
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Figure 12-13 Result of running the Jenko Booksellers program 

Searching a Two-Dimensional Array 

Figure 12-14 shows the problem specification, IPO chart information, and 
C++ instructions for the Wilson Company’s pay rate program. The program 
uses a four-row, two-column array to store the company’s four pay codes and 
their corresponding pay rates. The pay codes are stored in the first column 
of each row in the array. The pay rate associated with each code is stored in 
the same row as its pay code, but in the second column. The program gets a 
pay code from the user and then searches for the pay code in the array’s first 
column. If it finds the pay code, the program displays the corresponding pay 
rate from the second column; otherwise, it displays the “Invalid pay code” 
message. For example, when the user enters a pay code of 6, the program dis¬ 
plays a pay rate of 14, as shown in Figure 12-15. This is because the number 6 
is contained in the codesAndRates [2] [0] element, and its corresponding 
pay rate is contained in the codesAndRates [2] [1] element. Notice that 
the pay code and its associated pay rate are contained in the same row but 
in different columns. However, as Figure 12-16 shows, the program displays 
the “Invalid pay code” message when the user enters the number 5 as the pay 
code. This is because the number 5 does not appear in the first column in the 
array. Figure 12-17 shows the code for the entire program 


Problem specification 


Wilson Company wants a program that displays the pay rate corresponding to the pay 
code entered by the user. The pay codes and rates, which are listed here, are stored in a 
two-dimensional int array named codesAndRates. The codesAndRates array contains 
four rows and two columns. The first column contains the company’s four different pay 
codes, and the second column contains each code’s corresponding rate. 

Pav code 

Pav rate 

3 

8 

7 

10 

6 

14 

9 

20 

IPO chart information 

C++ instructions 

InDut 

int payCode = 0; 


Figure 12-14 Problem specification, IPO chart information, and C++ instructions for the Wilson 
Company program 
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(continued) 


Processing 

array (4 rows, 2 columns) 

int codesAndRates[4][2] = 

{{3, 8}, 

{7, 10}, 

{6, 14}, 

{9, 20}}; 

row subscript counter (o to 3 ) 

int rowSubscript = 0; 

Output 

p ay rate 

displayed from the array 

Algorithm 

l. enter the-pay code to search for 

cout « "Pay code (3, 7, 6, 
or 9). " « end!; 
cout « "Enter a negative 
number to end: 
cin » payCode; 

2 . repeat while (the pay code to search 

while (payCode >= 0) 

for Is greater than or equal to o) 

{ 

assign o to the row subscript 

rowSubscript = 0; 

counter to beglw searching the 
array with the first row 

repeat while (the row su.bsc.rtpt 

while (rowSubscript <= 3 && 

counter is less than or equal to 3 

codesAndRates[rowSubscript][0] 

and the paw code stored in the 

!= payCode) 

-first column of the current row 
is wot the pay code to search for) 

add l to the row subscript 

rowSubscript += 1; 

couwterto continue the search 
with the wext row 

end repeat 

//end while 

If (the row subscript counter 

if (rowSubscript <= 3) 

is less thaw or equal to 3 ) 

display the pay code awd pay 

cout « "Pay rate 

rate located twthe same row as 

for pay code " « 

the pay code, but twthe 

codesAndRates[rowSubscript][0] 

second column 

« $" « 

codesAndRates[rowSubscript][1] 
« end] « endl; 

else 

el se 

display "Iwvalld pay code" 

cout « "Invalid pay code" 

« endl « endl; 


//end if 

ewterthepay code to search for 

cout « "Pay code (3, 7, 6, 
or 9). " « endl; 
cout « "Enter a negative 
number to end: 
cin » payCode; 

end while 

} //end while 



Figure 12-14 Problem specification, IPO chart information, and C++ instructions for the Wilson 
Company program 
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pay code and pay rate 
from codesAndRates [2] [0] 
and codesAndRates [2] [1], 
respectively 


Figure 12-15 Sample run of the Wilson Company program 



displayed when the pay 
code is not valid 


Figure 12-16 Another sample run of the Wilson Company program 


1 

//Wilson Company.cpp - displays the pay 

rate 

2 

//corresponding to the pay code entered 

by the use 

3 

A 

//Created/revised by <your name> on <current date> 

*+ 

5 

#include <iostream> 


6 

7 

using namespace std; 


/ 

8 

int main() 


9 

{ 


10 

//declare array and variables 


11 

int codesAndRates[4][2] = {{3, 8}, 


12 

{7, 10}, 


13 

{6, 14}, 


14 

{9, 20}}; 


15 

int payCode = 0; 


16 

17 

int rowSubscript = 0; 


18 

//get pay code 


19 

cout « "Pay code (3, 7, 6, or 9). " 

« endl ; 

20 

cout « "Enter a negative number to 

end: 

21 

22 

cin » payCode; 


23 

while (payCode >= 0) 


24 

{ 


25 

//search each row in the array, 

looking 

26 

//for the pay code in the first 

column 

27 

//continue the search while there are 

28 

//array elements to search and 

the pay 

29 

//code has not been found 



Figure 12-17 Wilson Company program (continues) 
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(continued) 


30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 } 


rowSubscript = 0; 
while (rowSubscript <= 3 

&& codesAndRates[rowSubscript][0] 
!= payCode) 


rowSubscript += 
//end while 


l;- 


you also can use 

rowSubscri pt++; 


//if the pay code was found, display the 
//pay rate located in the same row but in 
//the second column in the array 
if (rowSubscript <= 3) 

cout « "Pay rate for pay code " 

« codesAndRates[rowSubscript][0] 

« $" 

« codesAndRates[rowSubscript][1] 

« endl « endl ; 

el se 

cout « "Invalid pay code" « endl « endl; 
//end if 


//get pay code 

cout « "Pay code (3, 7, 6, or 9). " « endl; 
cout « "Enter a negative number to end: "; 
cin » payCode; 

} //end while 


system("pause"); - 

return 0; 

//end of main function 


your C++ development 
tool may not require this 
statement 



Figure 12-17 Wilson Company program 


You will desk-check the program in Figure 12-17 to observe how it searches 
the array. The declaration statements on Lines 11 through 16 create and ini¬ 
tialize the two-dimensional codesAndRates array and two variables named 
payCode and rowSubscri pt. The cout statements on Lines 19 and 20 
prompt the user to enter a pay code, and the cin statement on Line 21 stores 
the user’s response in the payCode variable. Assume that the user enters the 
number 6 as the pay code. Figure 12-18 shows the desk-check table after the 
statements on Lines 11 through 21 are processed. 
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aodesAiA.dR.ates[ol [o] 

aodesAiA.dR.ates [o] [l] 

3 

2 

aodesAiA.dR.ates[il [o] 

aodesAiA,dR.ates[il [l] 

3 

10 

aodesAiA.dR.ates[2l [o] 

aodesAiA.dR.ates [2] [l] 

(b 

14 

aodesAiA.dR.ates[3l [o] 

eodesAiA,dR.ates[3l [l] 

3 

20 

payCode 

rowSubserLpt 

& 

O 

b 



Figure 12-18 Desk-check table after the statements on Lines 11 through 21 
are processed 


The while clause in the program’s outer loop is processed next. The clause’s 
condition evaluates to true, because the value in the payCode variable is 
greater than or equal to the number 0. Therefore, the computer processes 
the outer loop’s instructions. The instructions on Lines 30 through 35 in 
the outer loop search for the pay code in the first column of the array; 
study these instructions closely. The instruction on Line 30 assigns the 
number 0 to the rowSubscri pt variable to ensure that the search will 
begin in the first row. The while clause on Lines 31 through 33 marks 
the beginning of a nested loop. The clause’s compound condition evalu¬ 
ates to true, because both of its sub-conditions evaluate to true. The first 
sub-condition determines whether the value in the rowSubscri pt vari¬ 
able is less than or equal to 3 (the highest row subscript in the array). The 
sub-condition evaluates to true, because the rowSubscri pt variable 
contains the number 0. The second sub-condition compares the value in 
the codesAndRates [rowSubscri pt] [0] element with the value in the 
payCode variable. This sub-condition also evaluates to true, because the 
value in the codesAndRates [0] [0] element (3) is not equal to the value in 
the payCode variable (6). As a result, the rowSubscri pt += 1; statement 
on Line 34 in the nested loop is processed. The statement adds the number 
1 to the contents of the rowSubscri pt variable, giving 1. Incrementing the 
rowSubscri pt variable by 1 allows the computer to search the next row in 
the array. Figure 12-19 shows the desk-check table after the nested loop is 
processed the first time. 









Searching a Two-Dimensional Array 
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Figure 12-19 Desk-check table after the nested loop is processed the first time 

The compound condition in the nested loop’s while clause is evaluated 
again. The compound condition evaluates to true, because the value in the 
rowSubscri pt variable (1) is less than or equal to 3 and (at the same time) 
the value in the codesAndRates [1] [0] element (7) is not equal to the 
value in the payCode variable (6). Therefore, the rowSubscri pt += 1; 
statement on Line 34 increments the rowSubscri pt variable by 1; the result 
is 2. Figure 12-20 shows the desk-check table after the nested loop is pro¬ 
cessed the second time. 
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Figure 12-20 Desk-check table after the nested loop is processed the second time 

The compound condition in the nested loop’s while clause is evaluated 
once again. This time, the compound condition evaluates to false, because 
the value in the codesAndRates [2] [0] element (6) is equal to the value 
in the payCode variable (6). At this point, the nested loop ends and pro¬ 
cessing continues with the i f clause on Line 40. The i f clause’s condition 
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determines whether the value in the rowSubscri pt variable is less than 
or equal to 3 (the highest row subscript in the array). The condition evalu¬ 
ates to true, because the value in the rowSubscri pt variable is 2. There¬ 
fore, the computer processes the cout statement that appears on Lines 
40 through 45. The statement displays a message containing the pay code 
stored in the codesAndRates [2] [0] element and the pay rate stored in the 
codesAndRates [2] [1] element, as shown earlier in Figure 12-15. After 
the message is displayed, the i f statement ends. The cout statements on 
Lines 51 and 52 are processed next. Those statements prompt the user to 
enter another pay code. The ci n statement on Line 53 then stores the user’s 
response in the payCode variable. Assume that the user enters the number 5. 
The computer evaluates the condition in the outer loop’s while clause next. 
The condition evaluates to true, because the value in the payCode variable 
(5) is greater than or equal to the number 0. Therefore, the computer pro¬ 
cesses the outer loop’s instructions. The instruction on Line 30 in the outer 
loop assigns the number 0 to the rowSubscri pt variable to ensure that this 
new search will begin in the first row. The while clause on Lines 31 through 
33 tells the computer to process the rowSubscri pt += 1 ; statement as 
long as the value in the rowSubscri pt variable is less than or equal to 3 
(the highest row subscript in the array) and the current array element does 
not contain the pay code stored in the payCode variable. The nested loop 
will stop when either of the following occurs: the rowSubscri pt variable 
contains the number 4 (which indicates that the nested loop reached the end 
of the array without finding the pay code) or the pay code is located in the 
array’s first column. Figure 12-21 shows the desk-check table after the nested 
loop ends. Unlike the nested loop in the previous search, which stopped 
when the pay code of 6 was located, the nested loop in this search stops when 
the rowSubscri pt variable contains the number 4. 
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Figure 12-21 Desk-check table after the nested loop ends during the second search 
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When the nested loop ends, processing continues with the i f clause on 
Line 40. The i f clause’s condition determines whether the value in the 
rowSubscri pt variable is less than or equal to 3 (the highest row sub¬ 
script in the array). The condition evaluates to false, because the value in the 
rowSubscri pt variable is 4. This indicates that the nested loop stopped pro¬ 
cessing because it reached the end of the array’s first column without finding 
the pay code. Therefore, the computer processes the cout statement on Line 
47. The statement displays the “Invalid pay code” message, as shown earlier 
in Figure 12-16. After the message is displayed, the i f statement ends. Next, 
the cout statements on Lines 51 and 52 prompt the user to enter another 
pay code, and the ci n statement on Line 53 stores the user’s response in the 
payCode variable. Assume that the user enters the number -1. The computer 
evaluates the condition in the outer loop’s while clause next. The condi¬ 
tion evaluates to false, because the value in the payCode variable (-1) is not 
greater than or equal to the number 0. As a result, the outer loop ends and 
the computer processes the system("pause") ; and return 0; state¬ 
ments on Lines 56 and 57. After the return statement is processed, the 
program ends, and the computer removes the array and scalar variables from 
internal memory. 



Passing a Two-Dimensional Array to a Function 

Figure 12-22 shows a modified version of the Caldwell Company’s orders 
program, which you viewed earlier in Figure 12-9. In the modified ver¬ 
sion, the mai n function passes the orders array to a program-defined void 
function named di spl ayAr ray. Study closely the di spl ayArray func¬ 
tion prototype, function call, and function header; each is shaded in the 
figure. The function call appears on Line 28 and passes one actual argument 
to the di spl ayArray function: the orders array. Like one-dimensional 
arrays, two-dimensional arrays are passed automatically . The 

di spl ayArray function prototype and function header appear on Lines 9 
and 35, respectively; both contain one formal parameter: nums [4] [3]. The 
first set of square brackets that follows the formal parameter’s name contains 
the number of rows in the array; the second set contains the number of col¬ 
umns. Recall that the formal parameter’s name is optional in the prototype. 
Therefore, you also could write the formal parameter in the function proto¬ 
type as i nt [4] [3]. 


You learned 
about passing 
and 

in Chap¬ 
ters 9 and 10. 

When passing a 
two-dimensional 
s array, the first 
set of square 
brackets in its 
corresponding formal 
parameter also can be 
empty, like this: []. This 
concept is covered in 
Computer Exercise 16 at 
the end of the chapter. 
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You also can use 
regi on++ in 
^ Lines 17 and 37, 
and month++ in 
Lines 18 and 41. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 


//Modified Caldwell Company.cpp 

//Displays the contents of a two-dimensional array 
//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

//function prototype 

void displayArrayCint nums[4][3]); 

int main() 

{ 

//declare and initialize array 
int orders[4][3] = {0}; 

//enter data into the array 
for (int region = 0; region < 4; region += 1) 
for (int month = 0; month < 3; month += 1) 

{ 

cout « "Number of orders for Region " 
« region + 1 « ", Month " 

« month + 1 « ": "; 
cin » orders[region][month]; 

} //end for 
//end for 

//display the contents of the array 
displayArray(orders); 


system("pause"); - 

return 0; 

} //end of main function 

//*****f U nction defini tions***** 
void displayArray(int nums[4][3]) 

{ 

for (int region = 0; region < 4; region += 1) 

{ 

cout « "Region " « region + 1 
« ": " « endl; 

for (int month = 0; month < 3; month += 1) 

{ 

cout « " Month " « month + 1 
« " : "; 

cout « nums[region][month] « end]; 

} //end for 
} //end for 

} //end of displayArray function 


your C++ development 
tool may not require this 
statement 


Figure 12-22 Modified Caldwell Company orders program 
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Mini-Quiz 12-2 

1. Which of the following increases the total variable by the con¬ 
tents of the element located in the second row, first column of the 
pu rchases array? The variable and array have the i nt data type. 

a. purchases [2] [1] += total; 

b. purchases [1] [2] += total; 

c. total += purchases[2][1]; 

d. total += purchases[1][0]; 


2. Which of the following i f clauses determines whether the value 
stored in the fourth column, third row in the scores array is greater 
than 25? The array has the i nt data type. 

a. if (scores[3, 4] > 25) 

b. if (scores[4, 3] > 25) 

c. if (scores[2] [3] > 25) 

d. if (scores[3] [4] > 25) 

3. Write a C++ statement that multiplies the contents of the element 
located in the first row, second column in the sales array by .15 and 
then stores the result in the bonus variable. The sal es array and 
bonus variable have the doubl e data type. 


4. Which of the following i f clauses determines whether an i nt 

variable named row contains a valid subscript for the scores array? 
The array has 10 rows and 20 columns. 

a. if (row >= 0 && row < 10) 

b. if (row >= 0 && row <= 10) 

c. if (row >= 0 && row < 9) 

d. if (row > 0 && row <= 10) 


The answers to 
Mini-Quiz ques- 
= tions are located 
in Appendix A. 



& 
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AB 12-1 Stop and Analyze 


Study the program shown in Figure 12-23, and then answer the 
questions. The company array contains the amounts the company 
sold both domestically and internationally during the months of 
January through June. The first row contains the domestic sales for the three 
months. The second row contains the international sales during the same 
period. 


The answers to 
the labs are 
located in 
Appendix A. 
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1 

//Labl2-1.cpp - calculates the total sales 


2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

using namespace std; 


7 

int 

main() 


8 

{ 



9 


//declare arrays and variable 


10 


int company[2][6] = {{12000, 45000, 32000, 


11 


67000, 24000, 55000}, 


12 


{10000, 56000, 42000, 


13 


23000, 12000, 34000}}; 


14 


int companySales = 0; //accumulator 


15 




16 


//accumulate sales 


17 


for (int location = 0; location < 2; location 

+= 1) 

18 


for (int month = 0; month < 6; month += 

1) 

19 


companySales += company[location][month]; 

20 


//end for 


21 


//end for 


22 




23 


//display total sales 


24 


cout « "Company sales: $" « companySales « 

endl; 

25 




26 


system("pause"); 


27 


return 0; 


28 

} 

//end of main function 




Figure 12-23 Code for Lab 12-1 

QUESTIONS 

. What value is stored in the company [1] [5] element? 

2 . How can you calculate the total company sales made in February? 

, What is the highest row subscript in the company array? What is the 
highest column subscript in the array? 

4 . If the January domestic sales are stored in the company [0] [0] 
element, where are the January international sales stored? 

Change the outer loop’s for statement to a whi 1 e statement. 

6 . If you change the for clause in Line 18 to for (int month = 1; 
month <= 6; month += 1) , how will the change affect the assign¬ 
ment statement in the for loop? 

7 . Follow the instructions for starting C++ and opening the Labl2-l.cpp 
file. The file is contained in either the Cpp6\Chapl2\Labl2-l Project 
folder or the Cpp6\Chapl2 folder. Run the program. The total com¬ 
pany sales are $412000. 

8 . Modify the program so that it displays the total domestic sales, total 
international sales, and total company sales. Save and then run the 
program. 
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9 . Now, modify the program so that it also displays the total sales made 
in each month. Save and then run the program. 
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AB 12-2 Plan and Create 


In this lab, you will plan and create an algorithm for Falcon Incor¬ 
porated. The problem specification, IPO chart information, and 
C++ instructions are shown in Figure 12-24. The program displays 
a shipping charge based on the number of items ordered, which is entered by 
the user. The problem specification shows the three shipping charges along 
with their associated minimum and maximum orders. Notice that the maxi¬ 
mum order amounts are stored in the first column of the two-dimensional 
shi pCharges array, while their corresponding shipping charges are stored 
in the second column. To find the appropriate shipping charge, you search 
the first column for the number of items ordered, beginning with the first 
row. You continue searching the first column in each row as long as there 
are rows left to search and the number of items ordered is greater than the 
value in the first column. You stop searching either when there are no more 
rows to search or when the number of items ordered is less than or equal to 
the value in the first column. For example, if the number of items ordered is 
75, the first value you would look at in the array is 50. The number of items 
ordered (75) is greater than 50, so you continue searching with the value in 
the second row (100). The number 100 is greater than the number of items 
ordered (75), so you stop searching. The appropriate shipping charge is 
located in the same row—in this case, the second row—but in the second 
column. The appropriate shipping charge is $10. 



Problem specification 



Falcon Incorporated wants a program that displays a shipping charge based on 
the number of items ordered by the customer. The shipping charge information 

is shown here. 



Minimum order Maximum order Shipping charge ($) 

1 

50 

20 

51 

100 

10 

101 

999999 

0 

IPO chart information 

Input 


C++ instructions 

number ordered 
rn.axirw.um orders, and 
shipping charges 


int numOrdered = 0; 

stored in the array 

Processing 



array (3 rows, 2 colu.rn.ns) 


int shipCharges[3] [2] = 

{{50, 20}, {100, 10}, 

{999999, 0}}; 


row subscript oounter (0 to 2 ) 


int rowSub = 0; 


Figure 12-24 Problem specification, IPO chart information, and C++ instructions for 
Lab 12-2 (continues) 
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(continued) 


Output 


shlppliA-g charge 

displayed from, the array 

Algorithm 

l. eiA-terthe number ordered 

cout « "Number ordered 
cout « "(negative number 
or 0 to end): "; 
cin » numOrdered; 

2 . repeat while (the number 

while (numOrdered > 0 && 

ordered is greater than o and 

numOrdered <= 999999) 

less than or egu.nl t 

{ 

assign 0 to the row subscript 
cou.iA.ter to eiA.su.re the search 
begins Iia, the first row 

rowSub = 0; 

repent while (the row subscript 

while (rowSub < B && 

cou.iA.ter is less thaw 3 and the 

numOrdered > 

number ordered is greater thaw 
the vnlu.e located Iia. the first 
cdIu.iaa.ia. of the currewt row Iia, 
the array) 

shipCharges[rowSub][0]) 

add l to the row subscript 
cou.iA,terto continue the 

rowSub += 1; 

search Iia, the next row 


end repeat 

//end while 

display the shlppliA.g charge 

cout « "Shipping charge 
for a quantity of " 

« numOrdered « " is $" 

« shipCharges[rowSub][1] 

« endl « endl; 

ewterthe number ordered 

cout « "Number ordered 
cout « "(negative number 
or 0 to end) : "; 
cin » numOrdered; 

end repeat 

//end while 



Figure 12-24 Problem specification, IPO chart information, and C++ instructions for 
Lab 12-2 


Figure 12-25 shows the code for the entire Falcon Incorporated program, 
and Figure 12-26 shows the completed desk-check table for the program, 
assuming the user enters the numbers 75, 200, and -1 as the number of items 
ordered. 
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1 //Labl2-2.cpp - displays the shipping charge 

2 //Created/revised by <your name> on <current date> 

3 


4 

#include <iostream> 



5 

6 

using namespace std; 



7 

int main() 



8 

{ 



9 

//declare array and variables 


10 

int shipCharges[3][2] = 

{{50, 20}, 

11 


{100, 10}, 

12 


{999999, 0}}; 

13 

int numOrdered = 0; 



14 

int rowSub = 0; 



15 




16 

//enter the number ordered 


17 

cout « "Number ordered 

ii , 


18 

cout « "(negative number or 0 to end): 

19 

cin » numOrdered; 



20 




21 

while (numOrdered > 0 && 

numOrdered <= 999999) 

22 

{ 



23 

//search array 



24 

rowSub = 0; 



25 

while (rowSub < 3 && 


26 

numOrdered > shipCharges[rowSub][0]) 

27 

rowSub += 

i; 

you also can use rowSub++; 

28 

//end while 



29 




30 

//display shipping 

charge 


31 

cout « "Shipping charge for a quantity of " 

32 

« numOrdered 

« " i s 

$" 

33 

« shipCharges[rowSub][1] « end! 

« end! ; 

34 




35 

//enter the number 

ordered 


36 

cout « "Number ordered 


37 

cout « "(negative 

number or 0 to end) 

■ >> . 

■ » 

38 

cin » numOrdered; 



39 

} //end while 



40 


your C++ 

development 


41 

systemC'pause"); - 

tool may not require this 


42 

return 0; 

statement 



43 

} //end of main function 





Figure 12-25 Falcon Incorporated program 
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Figure 12-26 Completed desk-check table for the Falcon Incorporated program 


The final step in the problem-solving process is to evaluate and modify (if 
necessary) the program. Recall that you evaluate a program by entering its 
instructions into the computer and then using the computer to run (execute) 
it. While the program is running, you enter the same sample data used when 
desk-checking the program. 

DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Labl2-2 Project and save it in the Cpp6\Chapl2 
folder. Enter the instructions shown in Figure 12-25 in a source file named 
Labl2-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\Chapl2 folder. Now, follow the appropriate instruc¬ 
tions for running the Labl2-2.cpp file. Test the program using the same data 
you used to desk-check the program. If necessary, correct any bugs (errors) 
in the program. 
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AB 12-3 Modify 


If necessary, create a new project named Labl2-3 Project. Enter 
(or copy) the Labl2-2.cpp instructions into a new source file 
named Labl2-3.cpp. Change Labl2-2.cpp in the first comment 
to Labl2-3.cpp. Replace the maximum amounts in the shi pCharges array 
with the minimum amounts. Then, make the appropriate modifications to 
the program. Save and then run the program. Test the program appropriately. 











Summary 



AB 12-4 Desk-Check 


Desk-check the Jenko Booksellers program, which is shown in 
Figure 12-12 in the chapter. 



AB 12-5 Debug 


Follow the instructions for starting C++ and opening the Labl2-5.cpp 
file. The file is contained in either the Cpp6\Chapl2\Labl2-5 Project 
folder or the Cpp6\Chapl2 folder. Debug the program. 



Summary 

A two-dimensional array resembles a table in that the elements are in rows 
and columns. Each element has the same data type. 

You can determine the number of elements in a two-dimensional array by 
multiplying the number of its rows by the number of its columns. 

Each element in a two-dimensional array is identified by a unique combi¬ 
nation of two subscripts. The first subscript represents the element’s row 
location in the array, and the second subscript represents its column loca¬ 
tion. You refer to each element in a two-dimensional array by the array’s 
name and the element’s subscripts, which are specified in two sets of 
square brackets immediately following the name. 

The first row subscript in a two-dimensional array is 0; the first column 
subscript also is 0. The last row subscript is always one number less than 
the number of rows in the array. The last column subscript is always one 
number less than the number of columns in the array. 

You must declare a two-dimensional array before you can use it. When 
declaring a two-dimensional array, you must provide the number of rows 
as well as the number of columns. 

After declaring a two-dimensional array, you can use an assignment 
statement or the extraction operator to enter data into the array. 

You need to use two loops to access every element in a two-dimensional 
array. One of the loops keeps track of the row subscript. The other loop 
keeps track of the column subscript. 

To pass a two-dimensional array to a function, you include the array’s 
name in the statement that calls the function. The array’s corresponding 
formal parameter in the function header must specify the formal param¬ 
eter’s data type and name, followed by two sets of square brackets. The 
first bracket contains the number of rows, and the second bracket contains 
the number of columns. 
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Key Term 

Two-dimensional array —an array made up of rows and columns; each 
element has the same data type and is identified by a unique combination of 
two subscripts: a row subscript and a column subscript 


Review Questions 


1. The first element in a two-dimensional array has a row subscript 

of_and a column subscript of_. 

a. 0,0 

b. 0,1 

c. 1,0 

d. 1,1 

2. Which of the following statements creates a two-dimensional int 
array named rates that contains three rows and four columns? 


a. 

int 

rates[3, 

4] 

= {0} 

b. 

int 

rates[4, 

3] 

= {0} 

c. 

int 

rates[3] 

[4] 

= {0} 

d. 

int 

rates[4] 

[3] 

r-*-t 

o 

*-v-» 

II 


Use the sales array to answer Review Questions 3 through 6. The 
array was declared using the i nt sales[2][5] = {{10000, 
12000, 900, 500, 20000}, {350, 600, 700, 800, 100}}; 
statement. 


3. The statement sal es [1] [3] = 
the number_. 

a. 900 with 910 

b. 500 with 510 

c. 700 with 710 

d. 800 with 810 


sales[1][3] 


+ 10; will replace 


4. The statement sal es [0] [4] = sales[0][4 - 2]; will replace 
the number_. 

a. 20000 with 900 

b. 20000 with 19998 

c. 20000 with 19100 

d. 500 with 12000 













Exercises 


5. The statement cout « sales[0][3] + sales[l][3] « endl ; 
will_. 

a. display 1300 

b. display 1600 

c. display sal es [0] [3] + sales[l][3] 

d. result in an error 


6. Which of the following i f clauses verifies that the array subscripts 
stored in the row and col variables are valid for the sales array? 

a. if (sales[row][col] >= 0 && sales[row][col ] < 5) 

b. if (sales[row][col ] >= 0 && sales[row][col ] <= 5) 

c. if (row >= 0 && row < 3 && col >= 0 && col < 6) 

d. if (row >= 0 && row <= 1 && col >= 0 && col <= 4) 


Exercises 



Pencil and Paper 


1. Write the code to declare and initialize a two-dimensional doubl e 
array named bal ances that has four rows and six columns. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 


TRY THIS 


2. Write the code to display the contents of the bal ances array from TRY THIS 

Pencil and Paper Exercise 1. Use two for statements to display the 
array, row by row. (The answers to TRY THIS Exercises are located at 
the end of the chapter.) 


3. Rewrite the code from Pencil and Paper Exercise 2 to display the MODIFY THIS 

array, column by column. 

4. Write the code to store the number 100 in each element in the INTRODUCTORY 

bal ances array from Pencil and Paper Exercise 1. Use two for 

statements. 


5. Rewrite the code from Pencil and Paper Exercise 4 using two whi 1 e INTRODUCTORY 

statements. 


6. Rewrite the code from Pencil and Paper Exercise 4 using the do INTRODUCTORY 

while statement in the outer loop and the while statement in the 

nested loop. 

7. Write the statement to assign the C++ keyword true to the vari- INTERMEDIATE 

able located in the third row, first column of a bool array named 
answers. 
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INTERMEDIATE 8. Write the code to display the sum of the numbers stored in the fol¬ 

lowing three elements in a two-dimensional doubl e array named 
sales: the first row, first column; the second row, third column; and 
the third row, fourth column. 

INTERMEDIATE 9. Write the code to subtract the number 1 from each element in a two- 

dimensional f nt array named quanti ti es. The array has 10 rows 
and 25 columns. Use two for statements. 


INTERMEDIATE 


10. Rewrite the code from Pencil and Paper Exercise 9 using two while 
statements. 


INTERMEDIATE 11. Write the code to find the square root of the number stored in the 

first row, third column in a two-dimensional doubl e array named 
mathNumbers. Display the result on the screen. 

ADVANCED 12. Write the code to display the largest number stored in the first col¬ 

umn of a two-dimensional i nt array named orders. The array has 
five rows and two columns. Use the for statement. 


ADVANCED 


13. Rewrite the code from Pencil and Paper Exercise 12 using the while 
statement. 


SWAT THE BUGS 14. The numbers array is a two-dimensional i nt array that contains 

three rows and five columns. The following statement should 
call the void cal cTotal function, passing it the numbers array: 
cal cTotal (numbers [3] [5] ) ;. Correct the statement. 



Computer 


TRY THIS 15. If necessary, create a new project named TryThisl5 Project. Enter 

the C++ instructions from Figure 12-9 into a source file named 
TryThisl5.cpp. Change the filename in the first comment to 
TryThisl5.cpp. Save and then run the program. Test the program 
using the data shown in Figure 12-10 in the chapter. Change the for 
loops that enter data into the array to while loops. Change the for 
loops that display the array’s contents to do while loops. Save and 
then run the program. Test the program using the data shown in 
Figure 12-10 in the chapter. (The answers to TRY THIS Exercises are 
located at the end of the chapter.) 


TRY THIS 16. If necessary, create a new project named TryThisl6 Project. Enter 

the C++ instructions from Figure 12-22 into a source file named 
TryThisl6.cpp. Change the filename in the first comment to 
TryThisl6.cpp. Save and then run the program. As mentioned in the 
chapter, when you pass a two-dimensional array to a function, the 
first set of square brackets in its corresponding formal parameter 
can be empty. Remove the number 4 from the first formal parameter 
in the function prototype and function header. The mai n function 
will now need to pass two actual arguments to the di spl ayAr ray 
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function: the array and the number of rows (regions) in the array. 

Make the appropriate modifications to the di spl ayAr ray function 
prototype, function header, and function call. Also modify the outer 
loop’s for clause in the di spl ayAr ray function so it uses the num¬ 
ber of rows passed to the function rather than the literal constant 4. 

(The answers to TRY THIS Exercises are located at the end of the 
chapter.) 

17. If necessary, create a new project named ModifyThisl7 Project. Enter MODIFY THIS 

the C++ instructions from Figure 12-12 into a source file named Modi- 
fyThisl7.cpp. Change the filename in the first comment. Save and then 

run the program. Jenko Booksellers has opened another store. The 
store’s sales of paperback and hardcover books are $650.85 and $246.85, 
respectively. Add the new sales information to the array, and then mod¬ 
ify the program appropriately. Save and then run the program. 

18. If necessary, create a new project named ModifyThisl8 Project. Enter MODIFY THIS 
the C++ instructions from Figure 12-17 into a new source file named 
ModifyThisl8.cpp. Change the filename in the first comment. Save 

and then run the program. Test the program using the following two 
pay codes: 6 and 5. Enter -1 to stop the program. Add a new pay code 
and pay rate to the array. The new pay code is 11, and its correspond¬ 
ing pay rate is $23. Make the appropriate modifications to the code. 

Save and then run the program. Test the program using the following 
three pay codes: 6, 5, and 11. Enter -1 to stop the program. 


19. Follow the instructions for starting C++ and opening the Introduc- INTRODUCTORY 

toryl9.cpp file. The file is contained in either the Cpp6\Chapl2\Intro- 
ductoryl9 Project folder or the Cpp6\Chapl2 folder. The program 
should calculate the average of the values stored in the rates array. It 
then should display the average rate on the screen. Display the aver¬ 
age with two decimal places. Complete the program using the for 
statement. Save and then run the program. 


20. Follow the instructions for starting C++ and opening the Introduc- INTRODUCTORY 

tory20.cpp file. The file is contained in either the Cpp6\Chapl2\Intro- 
ductory20 Project folder or the Cpp6\Chapl2 folder. The program 
should display the contents of the two-dimensional array, column by 
column and also row by row. Complete the program using a whi 1 e 
statement in the outer loops and a for statement in the nested loops. 

Save and then run the program. 


21. If necessary, create a new project named Intermediate21 Project. Also INTERMEDIATE 
create a new source file named Intermediate21.cpp. Declare a seven- 
row, two-column i nt array named temperatures. The program 
should prompt the user to enter the highest and lowest temperatures 
for seven days. Store the highest temperatures in the first column in 
the array. Store the lowest temperatures in the second column. The 
program should display the average high temperature and the average 
low temperature. Display the average temperatures with one decimal 
place. Save and then run the program. Test the program using the 
data shown in Figure 12-27. 
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Day 

Highest 

Lowest 

1 

95 

67 

2 

98 

54 

3 

86 

70 

4 

99 

56 

5 

83 

34 

6 

75 

68 

7 

80 

45 


Figure 12-27 


INTERMEDIATE 


ADVANCED 


ADVANCED 


ADVANCED 


22. In this exercise, you modify the program from Computer Exercise 21. 
If necessary, create a new project named Intermediate22 Project. 

Copy the instructions from the Intermediate21.cpp file into a source 
file named Intermediate22.cpp. Change the filename in the first com¬ 
ment. In addition to displaying the average high temperature and 
average low temperature, the program also should display the high¬ 
est temperature stored in the first column in the array and the lowest 
temperature stored in the second column. Save and then run the pro¬ 
gram. Test the program using the data shown in Figure 12-27. 

23. Follow the instructions for starting C++ and opening the 
Advanced23.cpp file. The file is contained in either the Cpp6\Chapl2\ 
Advanced23 Project folder or the Cpp6\Chapl2 folder. Code the 
program so that it asks the user for a dollar amount by which each 
price should be increased. The program then should increase each 
price in the array’s first column by that amount. For example, when 
the user enters the number 10, the program should increase each ele¬ 
ment’s value by $10. Store the updated prices in the second column 
of the array. After increasing each price, the program should display 
the contents of the array, row by row. Save and then run the program. 
Increase each price by $10. 

24. In this exercise, you code an application that displays the number of 
times a value appears in a two-dimensional array. Follow the instruc¬ 
tions for starting C++ and opening the Advanced24.cpp file. The file 
is contained in either the Cpp6\Chapl2\Advanced24 Project folder 
or the Cpp6\Chapl2 folder. Code the program so that it displays the 
number of times each of the numbers from 1 through 9 appears in the 
numbers array. (Hint: Use a one-dimensional array of counter vari¬ 
ables.) Save and then run the program. 

25. If necessary, create a new project named Advanced25 Project. Also cre¬ 
ate a new source file named Advanced25.cpp. JM Sales employs 10 sales¬ 
people. The sales made by the salespeople during the months of January, 
February, and March are listed in Figure 12-28. Store the sales amounts 
in a two-dimensional array. The sales manager wants an application that 
allows him to enter the current bonus rate. The program should display 
each salesperson’s number (1 through 10), total sales amount, and total 
bonus amount. It also should display the total bonus paid to all salespeo¬ 
ple. Display the bonus amounts with two decimal places. Save and then 
run the program. Test the program using 10% as the bonus rate. 
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Salesperson 

January 

February 

March 

1 

2400 

3500 

2000 

2 

1500 

7000 

1000 

3 

600 

450 

2100 

4 

790 

240 

500 

5 

1000 

1000 

1000 

6 

6300 

7000 

8000 

7 

1300 

450 

700 

8 

2700 

5500 

6000 

9 

4700 

4800 

4900 

10 

1200 

1300 

400 


Figure 12-28 


26. Follow the instructions for starting C++ and opening the SwatThe- SWAT THE BUGS 

Bugs26.cpp file. The file is contained in either the Cpp6\Chapl2\ 

SwatTheBugs26 Project folder or the Cpp6\Chapl2 folder. Debug the 
program. 


Answers to TRY THIS Exercises 


\~= 



Pencil and Paper 

1. double balances[4][6] = {0.0}; 


you also can use row++ 


2. for (int row = 0; row < 4; row += 1) 


for (int col = 0; col < 6; col += 1) 
cout « balances[row][col] « endl; 
//end for 
//end for 


you also can use col - 


□ 


Computer 


15. See Figure 12-29. 
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You also can use 
month++; in 
Lines 24 and 42, 
and region++; 
in Lines 26 and 
44. 


1 

//TryThisl5.cpp 


2 

//Displays the contents of £ 

two-dimensional array 

3 

//Created/revised by <your name> on <current date> 

4 




5 

#include <iostream> 


6 

7 

usi ng 

namespace std; 


8 

int mainQ 


9 

{ 



10 

//declare and initialize 

array 

11 

int 

orders[4][3] = {0}; 


12 




13 

//enter data into the array 

14 

int 

region = 0; 


15 

int 

month = 0; 


16 

while (region < 4) 


17 

{ 



18 


while (month < 3) 


19 


{ 


20 


cout « "Number of orders for Region " 

21 


« region 

+ 1 « ", Month " 

22 


« month + 1 « ": "; 

23 


cin » orders [region][month]; 

24 


month += 1; 


25 


} //end while 


26 


region += 1; 


27 


month = 0; 


28 

} 

//end while 


29 




30 

//display the contents of the array 

31 

region = 0; 


32 

month = 0; 


33 

do 

//begin outer loop 


34 

{ 



35 


cout « "Region " « region + 1 

36 


« ": " « end! ; 

37 


do //begin nested 

loop 

38 


{ 


39 


cout « " Month " « month + 1 

40 




41 


cout « orders [region][month] « end!; 

42 


month += 1; 


43 


} while (month < 

B); 

44 


region += 1; 


45 


month = 0; 


46 

> 

while (region < 4); 


47 



your C++ development 


48 

systemC pause ;; - 

tool may not require this 


49 

return 0; 

statement 


50 

} //end of main function 



Figure 12-29 
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16. See Figure 12-30. The changes are shaded in the figure. 


1 

//T ryThisl6.cpp 



2 

//Displays the contents of 

a two-dimensional array 

3 

A 

//Created/revised by <your 

name> on <current date> 

5 

#include <iostream> 



6 

7 

using namespace std; 



8 

//function prototype 



9 

void displayArray(int nums[][3], int numRegions); 

10 




11 

int main() 



12 

{ 



13 

//declare and initialize 

array 


14 

int orders[4][3] = {0}; 



15 




16 

//enter data into the array 


17 

for (int region = 0; region < 4; region += 

1) 

18 

for (int month = 0; 

month < 3; month + 

= 1) 

19 

{ 



20 

cout « "Number of orders for Region " 

21 

« region 

+ 1 « ", Month " 


22 

« month 

+ 1 « ": "; 


23 

cin » orders[region][month]; 


24 

} //end for 



25 

//end for 



26 




27 

//display the contents of the array 


28 

di spl ayArray(orders.yB|) ; 



29 


your C++ development 


30 

systemC'pause") ; - 

tool may not require this 


31 

return 0; 

statement 


32 

} //end of main function 



33 




34 

//*****f U nction defini tions* 

**** 


35 

void displayArray(int nums[][3], int numRegions) 

36 

{ 



37 

for (int region = 0; region < numRegions; region += 1) 

38 

{ 



39 

cout « "Region " « region + 1 


40 

« " « endl; 


41 

for (int month = 0; 

month < 3; month + 

= 1) 

42 

{ 



43 

cout « " Month " « month + 1 


44 




45 

cout « nums[region][month] « endl; 

46 

} //end for 



47 

} //end for 



48 

} //end of displayArray function 




You also can use 
region++ in 
Lines 17 and 37, 
and month++ in 
Lines 18 and 41. 



Figure 12-30 
















After studying Chapter 13, you should be able to: 

Utilize stri ng memory locations in a program 
Get string input using the getl i ne function 
Ignore characters using the ignore function 
Determine the number of characters in a string 
Access the characters in a string 
Search a string 

Remove characters from a string 
Replace characters in a string 
Insert characters within a string 
Duplicate characters within a string 
Concatenate strings 



The stri ng Data Type 


The Data Type 

In the programs created in the previous chapters, you used memory loca¬ 
tions (variables and named constants) having the i nt and doubl e data 
types. In this chapter, you will use stri ng memory locations. As you learned 
in Chapter 3, the stri ng data type is not one of the fundamental data types 
in C++. Rather, it was added to the C++ language through the use of a class, 
called the stri ng class. Recall that a class is simply a group of instructions 
that the computer uses to create an object. The instructions for creating a 
stri ng object, which can be either a stri ng variable or a stri ng named 
constant, are contained in the string file. Therefore, for a program to use 
the stri ng class, it must contain the #i ncl ude <stri ng> directive. Fig¬ 
ure 13-1 shows examples of using the stri ng class to create and initialize 
stri ng variables and stri ng named constants. Memory locations having 
the stri ng data type are initialized using string literal constants. Recall from 
Chapter 3 that a string literal constant is zero or more characters enclosed in 
double quotation marks. The declaration statement in Example 1 creates a 
stri ng variable named zi pCode and initializes it to the empty string (""), 
which is the value typically used to initialize stri ng variables. The declara¬ 
tion statement in Example 2 creates a stri ng variable named pi ayAgai n 
and initializes it to the string “Y”. Examples 3 and 4 create and initialize 
stri ng named constants called VALID_LENGTH and COMPANY_NAME. 



HOW TO Declare and Initialize stri ng Variables and Named 

Constants 

Example 1 

string zipCode = 

declares and initializes a string variable named zi pCode 
Example 2 

string piayAgain = "Y"; 

declares and initializes a string variable named pi ayAgai n 
Example 3 

const string VALID_LENGTH = "Valid length"; 

declares and initializes a string named constant called valid_length 

Example 4 

const string COMPANY_NAME = "ABC Company"; 

declares and initializes a string named constant called company_name 

Figure 13-1 How to declare and initialize stri ng variables and named constants 


The amount of 
memory required 
= to store the 
strings in each 
example in 

Figure 13-1 is different 
and is managed by the 
stri ng class. 


You learned about 
the empty string 
zz in Chapter 3. 


Classes also are referred to as user-defined data types, and they allow pro¬ 
grammers to extend the C++ language by defining the characteristics and 
attributes of a new data type (class). Typically, the characteristics are values, 
and the attributes are behaviors associated with the class. The behaviors usu¬ 
ally are implemented as member functions associated with each class. As a 
result, each class has its own set of member functions. In this chapter, you 
will explore a few of the more commonly used member functions associated 
with the stri ng class. 


525 










CHAPTER 13 


Strings 


The Creative Sales Program 

Figure 13-2 shows the problem specification and IPO chart for the Creative 
Sales program, which gets a salesperson’s name and sales amount from the 
keyboard. It then calculates the salesperson’s bonus and displays the sales¬ 
person’s name and bonus amount on the screen. 



Problem specification 

Creative Sales wants a program that allows the sales manager to enter a 
salesperson’s name and sales amount. The program should calculate the 
salesperson’s bonus by multiplying the sales amount by 10%. It then should 
display the salesperson’s name and bonus amount on the screen. 

Input Processing Output 


Figure 13-2 Problem specification and IPO chart for the Creative Sales program 


t You learned 

about the extrac- 
s tion operator in 
Chapter 4. 


So far, you have used the extraction operator (») to get numbers and charac¬ 
ters from the user at the keyboard. The extraction operator also can be used to 
get string input from the keyboard, as shown in the examples in Figure 13-3. 
(For clarity, the variable declaration statements are included in the examples.) 
However, keep in mind that the extraction operator stops reading characters 
when it encounters a white-space character in the input. A white-space char¬ 
acter is a blank, tab, or newline. You enter a blank character when you press 
the Spacebar on your keyboard. You enter a tab character when you press 
the Tab key, and you enter a newline character when you press the Enter key. 
As a result, if the user inadvertently enters the string “45 602” (rather than 
“45602”) as the ZIP code in Example 1, the extraction operator in the ci n » 
zi pCode ; statement will store only the string “45” in the zi pCode variable. 



HOW TO Use the Extraction Operator (») to Get String Input 
Example 1 

string zipCode = 

cout « "Enter your zip code: 

cin » zipCode; 

gets a string from the keyboard and stores it in the zi pCode variable 
Example 2 

string playAgain = "Y"; 

cout « "Play the game again? (Y/N): 

cin » playAgain; 

gets a string from the keyboard and stores it in the playAgain variable 
Figure 13-3 How to use the extraction operator (») to get string input 
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Because many strings entered at the keyboard contain one or more blank 
characters (such as “Bowling Green, Kentucky” and “Gerald R. Jones”), the 
stri ng class provides a member function for accepting that type of input. 
The function is called getl i ne. You will need to use the getl i ne function 
to get the salesperson’s name in the Creative Sales program. 


The getl i ne Function 

Figure 13-4 shows the syntax for using the getl i ne function to get string 
input from the keyboard. The semicolon that appears as the last character in 
the syntax indicates that the getl i ne function is a self-contained statement. 
The function has three actual arguments, two of which are required. The 
required ci n argument refers to the computer keyboard, and the required 
argument is the name of a stri ng variable in which to 
store the input. You can use the optional argument to 

indicate the end of the string. The argument represents the character that 
immediately follows the last character in the string. The getline function will 
continue to read the characters entered at the keyboard until it encounters 
the delimiter character. If you omit the argument, the 

default delimiter character is the newline character. For example, if the user 
types the words “Good night” and then presses the Enter key, the string will 
end with the letter t, which is the last character the user typed before press¬ 
ing the Enter key. When the getline function encounters the delimiter 
character in the input, it discards the character—a process C++ program¬ 
mers refer to as consuming the character. Also included in Figure 13-4 are 
examples of using the getline function. The statement in Example 1 tells 
the computer to read the characters entered at the keyboard and then store 
the characters in the name variable. The computer will stop reading and stor¬ 
ing characters when it encounters the newline character, which is when the 
user presses the Enter key. (Recall that the default delimiter character in the 
getl i ne function is the newline character.) At that point, the computer will 
consume (discard) the newline character. The statement in Example 2 also 
tells the computer to read the characters entered at the keyboard and store 
them in the name variable. Here again, the computer will stop reading and 
storing characters when it encounters the newline character, which will be 
consumed by the computer. The newline character is designated in C++ by a 
backslash and the letter n, both enclosed in single quotation marks, like this: 

' \n'. Although the newline character consists of two characters, it is treated 
as one character by the computer. The backslash in the newline character 
is called an escape character, and it indicates that the character that follows 
it—in this case, the letter n—has a special meaning. The combination of the 
backslash and the character that follows it is called an escape sequence. The 
statement in Example 3 in Figure 13-4 tells the computer to read the charac¬ 
ters entered at the keyboard and store them in the city variable. In this case, 
the computer will stop reading and storing characters when it encounters the 
# character, which will be consumed. 



An example of 
another escape 
sequence is 
'\t', which 
represents the 
Tab key. 
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HOW TO Use the getl i ne Function to Get String Input from the 

Keyboard 

Syntax 

getline(cin, stringVariableName [, delimeterCharacter ]); 

Example 1 

string name = 

cout « "Enter your name: 

getline(cin, name); 

stores the characters entered by the user, up until the newline character, in 
the name variable; consumes the newline character 

Example 2 

string name = 

cout « "Enter your name: 

getline(cin, name, '\n'); 

same as Example 1, but specifies the newline delimiter character 

Example 3 

string city = 

cout « "City: 

get!ine(cin, city, '#'); 

stores the characters entered by the user, up until the # character, in the 
city variable; consumes the # character 


Figure 13-4 How to use the getl i ne function to get string input from the keyboard 


Recall that the 
newline charac- 
s ter, which repre¬ 
sents the Enter 
key, is the default 
delimiter character in the 
getl i ne function. 


Figure 13-5 shows the Creative Sales program, with the code pertaining to 
stri ng data shaded. The #i ncl ude <stri ng> directive, which is neces¬ 
sary when using stri ng memory locations, appears on Line 7. The dec¬ 
laration statement on Line 13 creates a stri ng variable called name and 
initializes it to the empty string. The getl i ne function on Line 19 waits for 
the user to respond to the “Salesperson’s name: ” prompt. When the user 
presses the Enter key, the function stores the characters typed by the user, up 
until the newline character, in the name variable; it then consumes the new- 
line character. Figure 13-6 shows a sample run of the program. 


1 

//Creative Sales.cpp 


2 

//Displays a salesperson's 

name and bonus 

3 

A 

//Created/revised by <your 

name> on <current date> 

5 

#include <iostream> 


6 

#include <iomanip> 


7 

#include <string> 


8 

9 

using namespace std; 



Figure 13-5 Creative Sales program (continues) 
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(continued) 


10 

int 

main() 



11 

{ 




12 


const double RATE = .1; 



13 


string name = 



14 


int sales = 0; 



15 


double bonus = 0.0; 



16 





17 


//get input 



18 


cout « "Salesperson's name: 

19 


getlinefcin, name); 



20 


cout « "Sales: "; 



21 


cin » sales; 



22 





23 


//calculate bonus 



24 


bonus = sales * RATE; 



25 





26 


//display output 



27 


cout « fixed « setpreci sion(2) ; 

28 


cout « "Bonus for " « 

name 

29 


« ": $" « bonus « 

end! ; 

30 




your C++ development 

31 


system("pause"); 


tool may not require 

32 


return 0; 


this statement 

33 

} 

//end of main function 





Figure 13-5 Creative Sales program 



Figure 13-6 Sample run of the Creative Sales program 


Now let’s make a slight change to the problem specification for Creative 
Sales. In addition to entering the salesperson’s name and sales amount, the 
sales manager also should enter the state in which the sales were made. Con¬ 
sider how this change will affect the original program shown in Figure 13-5. 
The modified program will need to declare and initialize a stri ng variable 
to store the state name entered by the user. It also will need both a cout 
statement that prompts the user to enter the state name and agetline 
function to get the user’s input. Agetline function is appropriate because 
some state names—for example, North Carolina—contain a blank character. 
The modifications to the original program are shaded in the partial program 
shown in Figure 13-7. Figure 13-8 shows a sample run of the modified pro¬ 
gram. Notice that the program does not pause to allow the user to enter the 
state name. 
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12 

const double RATE = .1; 

13 

string name = 

14 

int sales = 0; 

15 

double bonus = 0.0; 

16 

string state = 

17 


18 

//get input 

19 

cout « "Salesperson's name: "; 

20 

getline(cin, name); 

21 

cout « "Sales: 

22 

cin » sales; 

23 

cout « "State name: 

24 

getline(cin, state); 

25 


26 

//calculate bonus 

27 

bonus = sales * RATE; 



Figure 13-7 Partial Creative Sales program showing the modifications 



the user was not given 
a chance to enter the 
state name 


Figure 13-8 Result of running the modified Creative Sales program 


To understand why the modified program is not working correctly, you 
need to understand how the extraction operator and getl i ne function get 
keyboard input. Toward this end, you will desk-check Lines 19 through 24 
in the partial program shown in Figure 13-7. You will use Hannah Smith, 
3025, and Alaska as the salesperson’s name, sales amount, and state. The 
cout statement on Line 19 prompts the user to enter the salesperson’s name. 
Before allowing the user to enter the name, the getl i ne function on Line 
20 checks the ci n object to determine whether it contains any characters. 

As you learned in Chapter 4, the ci n object stores the characters entered at 
the keyboard. Because the ci n object is empty at this point in the program, 
the getl i ne function waits for the user to enter a name. In this case, the 
user types the string “Hannah Smith” and then presses the Enter key to indi¬ 
cate that he or she is finished entering the name. The computer stores the 
string and the newline character (' \n ') in the ci n object. It then alerts the 
getl i ne function that the object now contains data. The getl i ne function 
removes both the string and the newline character from the ci n object. It 
stores the string in the name variable and then consumes the newline charac¬ 
ter. Next, the cout statement on Line 21 prompts the user to enter the sales. 
Before allowing the user to enter the sales, the extraction operator in the 
ci n » sales; statement on Line 22 checks the ci n object to determine 
























The Creative Sales Program 


whether it contains any characters. The object is empty at this point, so the 
extraction operator waits for the user to enter a sales amount. In this case, 
the user types the four numbers 3, 0, 2, and 5 and then presses the Enter key 
to indicate that he or she is finished entering the sales amount. The computer 
stores the four numbers and the newline character (' \n ') in the ci n object. 
It then alerts the extraction operator that the object now contains data. The 
extraction operator removes the four numbers from the ci n object and 
stores them in the sales variable. However, it leaves the newline character 
in the object. The statement on Line 23 prompts the user to enter the state 
name. Before allowing the user to respond to the prompt, the getl i ne func¬ 
tion on Line 24 checks the ci n object to determine whether it contains any 
characters. At this point, the object contains the newline character, which the 
getl i ne function interprets as the end of the state name entry. As a result, 
the getl i ne function stores the empty string in the state variable and then 
consumes the newline character. Processing continues with the bonus calcu¬ 
lation statement on Line 27. Obviously, the program is not working correctly 
because of the newline character that the extraction operator on Line 22 
leaves in the ci n object. You can fix the program by telling the computer to 
ignore that character. 



The i gnore Function 

You can use the C++ ignore function to instruct the computer to first read 
and then ignore characters stored in the ci n object. The function ignores the 
characters by consuming (discarding) them. Ligure 13-9 shows the function’s 
syntax. Like the getl i ne function, the i gnore function is a self-contained 
statement, as the semicolon at the end of the syntax indicates. The function 
has two actual arguments, both of which are optional. The 

argument is an integer that represents the maximum number of char¬ 
acters the function should consume. If you omit the 
argument, the default number of characters to consume is 1. The 

argument is a character that, when consumed, stops the ignore 
function from reading and discarding any additional characters. The i gnore 
function stops reading and discarding characters either when it consumes 
the number of characters specified in the argument or 

when it consumes the , whichever occurs first. Ligure 13-9 

also shows examples of using the ignore function. As indicated in Example 
1, you can use either the statement ci n. i gnore () ; or the statement 
cin.ignore(l); to have the computer read and then discard (consume) 
one character. The statement in Example 2 tells the computer to read and 
consume five characters. The statement in Example 3 tells the computer to 
read and consume characters until either 100 characters are consumed or the 
newline character is consumed, whichever occurs first. When the computer 
processes the statement in Example 4, it will read and discard characters 
until either 25 characters are consumed or the # character is consumed, 
whichever occurs first. 
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Example 3 

cin.ignore(100, '\n'); 

reads and consumes characters until either 100 characters are consumed 
or the newline character is consumed, whichever occurs first 

Example 4 

cin.ignore(25, 

reads and consumes characters until either 25 characters are consumed or 
the # character is consumed, whichever occurs first 

Figure 13-9 How to use the i gnore function 

In the modified Creative Sales program, you will use the ignore function 
to consume the newline character that is left in the cin object after the sales 
amount is entered. You do this by entering the ignore function immedi¬ 
ately after the cin statement that gets the sales amount. Figure 13-10 shows 
the modified program with the ignore function entered on Line 23. The 
modifications made to the original program (shown earlier in Figure 13-5) 
are shaded in Figure 13-10. Figure 13-11 shows a sample run of the modified 
program. 


Lab 13-1 shows 
another example 
m of a program that 
requires the 
ignore function. 


HOW TO Use the i gnore Function 
Syntax 

cin.ignor e([numberOfCharacters] [, delimiterCharacter])-, 

Example 1 

cin.ignore(); 

reads and consumes one character; also can be written as cin.ignore(i); 

Example 2 

cin.ignore(5); 

reads and consumes five characters 


1 

//Modified Creative Sales.cpp 


2 

//Displays a salesperson's name and 

bonus 

3 

//Created/revised by <your name> on 

<current date> 

4 



5 

#include <iostream> 


6 

#include <iomanip> 


7 

#include <string> 


8 

using namespace std; 


9 



10 

int main() 


11 

{ 


12 

const double RATE = .1; 


13 

string name = 


14 

int sales = 0; 


15 

double bonus = 0.0; 


16 

string state = 



Figure 13-10 Modified Creative Sales program with the i gnore function (continues) 


















The Creative Sales Program 


(continued) 


17 

18 //get input 

19 cout « "Salesperson's name: 

20 getline(cin, name); 

21 cout « "Sales: 

22 cin » sales; 

23 cin.ignore(100, '\n'); 

24 cout « "State: "; 

25 getline(cin, state); 

26 

27 //calculate bonus 

28 bonus = sales * RATE; 

29 

30 //display output 

31 cout « fixed « setpreci sion(2) ; 

32 cout « "Bonus for " « name 

33 « ": $" « bonus « endl; 

34 

35 system("pause") ; - 

36 return 0; 

37 } //end of main function 


your C++ development 
tool may not require 
this statement 


You will need to 
use the ignore 
s function when¬ 
ever the 
getl i ne func¬ 
tion is processed after a 
statement containing the 
extraction operator. 



Figure 13-10 Modified Creative Sales program with the i gnore function 



Figure 13-11 Sample run of the modified Creative Sales program with the i gnore 
function 


You may be wondering why the modified program in Figure 13-10 uses 
the ci n . i gnore(100, ' \n') ; statement rather than the simpler 
cin.ignore() ; statement. Although both statements will consume the 
newline character left in the ci n object after the sales amount is entered, 
there is an advantage to using the ci n . i gnore(100 , ' \n ') ; statement in 
the program. To illustrate, assume that when entering the sales amount, the 
user types the four numbers 3, 0, 2, and 5, followed inadvertently by the let¬ 
ter L, and then presses the Enter key. The computer stores the four numbers, 
along with the letter L and the newline character, in the ci n object. It then 
alerts the extraction operator in the ci n » sal es ; statement that the 
object now contains data. The extraction operator removes the four num¬ 
bers from the cin object and stores them in the sales variable. However, it 
leaves both the letter L (which cannot be stored in an i nt variable) and the 
newline character in the object; at this point, the ci n object contains two 
characters. If the program used the ci n . i gnore () ; statement, the i gnore 
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function would consume only the letter L. The newline character would still 
be in the ci n object when the getl i ne(ci n, state); statement is pro¬ 
cessed. As you learned earlier, the getl i ne function will interpret the new- 
line character as the end of the state name entry. The ci n . i gnore (100, 

' \n') ; statement, on the other hand, will consume both the letter L and the 
newline character. This is because the statement tells the computer to read 
and discard characters until either 100 characters are consumed or the new- 
line character is consumed, whichever occurs first. As a result, the getl i ne 
function will not find any characters in the ci n object and will wait for the 
user to enter the state name. 


The answers to . . 

Mini-Quiz ques- Mini-Quiz 13-1 

tions are located 

in Appendix A. 1. Which of the following declares a stri ng named constant and ini¬ 

tializes it to the name of the first U.S. President? 

a. const String FIRST_PRES = "George Washington"; 

b. const string FIRST_PRES = 'George Washington'; 

c. const string FIRST_PRES = "George Washington"; 

d. constant string FIRST_PRES = "George Washington"; 

2. Which of the following declares a stri ng variable named country 


and initializes it to the empty string? 

a. 

Stri ng 

country = ""; 

b. 

stri ng 

country = ""; 

c. 

stri ng 

country = ' ' ; 

d. 

Stri ng 

country = ' ' ; 


3. Which of the following gets a string of characters from the ci n object 
and stores them inastring variable named streetAddress? 

a. getline(cin, streetAddress, '\n'); 

b. getlinefstreetAddress, cin); 

c. cin.getline(streetAddress); 

d. getline.cin(streetAddress); 


4. Which of the following tells the computer to stop reading and dis¬ 
carding characters either when it consumes 10 characters or when the 
user presses the Enter key, whichever occurs first? 

a. ci n . i gnore('\n' , 10); 

b. ci n . i gnore(10) ; 

c. ci n . i gnore(10, '\n'); 

d. both b and c 











The ZIP Code Program 


The ZIP Code Program 

Many times, a program will need to manipulate (process) string data in some 
way. For example, it may need to look at the first character in an inventory 
part number to determine the part’s location in the warehouse. Or, it may 
need to search an address to determine the street name. Or, as in the ZIP 
code program created in this section, it may need to determine the number 
of characters in a ZIP code. The problem specification and IPO chart for 
the ZIP code program are shown in Figure 13-12. As the problem specifica¬ 
tion states, the program should get a ZIP code from the user and then verify 
that the user’s entry contains exactly five characters. If the ZIP code contains 
the required five characters, the program should display the message “Valid 
length”; otherwise, it should display the message “Invalid length”. The program 
will store the ZIP code in a variable, because its value will change as the pro¬ 
gram is running. It will store the two messages, on the other hand, in named 
constants, because their values will not change during runtime. Because the 
ZIP code and messages will not be used in any calculations, the program will 
declare the variable and named constants using the stri ng data type. 



Problem specification 

Create a program that allows the user to enter a ZIP code. The program should 
verify that the user entered exactly five characters. If the user entered the 
required number of characters, the program should display the message “Valid 
length"; otherwise, it should display the message “Invalid length". The ZIP code 
will not be used in a calculation, so the program should store its value in a 
stri ng variable. The program should store the two messages in two stri ng 
named constants. 

Input Processing Output 

ZIP code Processing items: none “valid length" Message or 

“invalid length" message 

Algorithm: 

1. enter the z^\p code 

2 . repeat while (the z IP code is not “~±") 

if (the .ZIP code contains exactly 5 characters) 
display the “valid Length" message 
else 

display the "invalid length" message 
end if 

enter the ZIP code 
end repeat 


Figure 13-12 Problem specification and IPO chart for the ZIP Code program 


Determining the Number of Characters Contained 
in a stri ng Variable 

You can use the stri ng class’s length function to determine the number of 
characters contained inastring variable. The function’s syntax is shown in 
Figure 13-13. In the syntax, is the name of the stri ng variable whose 
length you want to determine. The 1 ength function returns the number 
of characters contained in the variable. Figure 13-13 also shows examples 
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of using the 1 ength function. The cout statement in Example 1 uses the 
1 ength function to display the number of characters (15) contained in the 
name variable. The i f clause in Example 2 uses the 1 ength function to com¬ 
pare the number of characters stored in the zi pCode variable with the num¬ 
ber 5. The whi 1 e clause in Example 3 uses the 1 ength function to repeat the 
loop instructions as long as the partNum variable does not contain exactly 
six characters. 



HOW TO Use the 1 ength Function 
Syntax 

string, length!) 


Example 1 

string name = "Nancy Haberdeen"; 
cout « name.1engthf) « endl; 
displays the number 15 on the screen 

Example 2 

const string VALID_MSG = "Valid length"; 
const string INVALID_MSG = "Invalid length"; 
string zipCode = 

cout « "Five-character ZIP code: "; 

cin » zipCode; 

if (zipCode.1ength() == 5) 

cout « VALID_MSG « endl; 

el se 

cout « INVALID_MSG « endl; 

//end if 

compares the number of characters stored in the zi pCode variable with the 
number 5 and then displays an appropriate message 

Example 3 

string partNum = 

cout « "Six-character part number: "; 

getlinefcin, partNum); 

while (partNum.1engthf) != 6) 

{ 

cout « "Six-character part number: "; 
getlinefcin, partNum); 

} //end while 

continues getting a part number until the user enters exactly six characters 
Figure 13-13 Flow to use the 1 ength function 

Figure 13-14 shows the ZIP code program. The 1 ength function appears in 
the i f clause on Line 21 and is shaded in the figure. Figure 13-15 shows a 
sample run of the program. 
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1 //ZIP Code.cpp 

2 //Displays a message indicating whether a ZIP 

3 //code's length is valid or invalid 

4 //Created/revised by <your name> on <current date> 

5 

6 #include <iostream> 

7 #include <string> 

8 using namespace std; 

9 

10 int main() 

11 { 

12 const string VALID_MSG = "Valid length"; 

13 const string INVALID_MSG = "Invalid length"; 

14 string zipCode = 

15 

16 cout « "Five-character ZIP code (-1 to end): " 

17 cin » zipCode; 

18 

19 while (zipCode != "-1") 

20 { 

21 
22 

23 

24 

25 

26 

27 

28 

29 } 

30 

31 system("pause"); - 

32 return 0; 

33 } //end of main function 


your C++ development 
tool may not require 
this statement 


if (zipCode.length() == 5) 

cout « VALID_MSG « endl « endl; 

el se 

cout « INVALID_MSG « endl « endl; 

//end if 

cout « "Five-character ZIP code (-1 to end): " 
cin » zipCode; 

//end while 



Figure 13-14 ZIP code program 



Figure 13-15 Sample run of the ZIP code program 
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Accessing the Characters Contained in a stri ng Variable 

In this section, you will modify the ZIP code program shown earlier in 
Figure 13-14. The modified program will verify that each character entered 
by the user is a number. You can accomplish this task using a loop along with 
the stri ng class’s 1 ength and substr functions. (The “substr” stands for 
“substring.”) The substr function allows you to access any number of char¬ 
acters contained inastring variable; it then returns the characters. In the 
function’s syntax, which is shown in Figure 13-16, is the name of the 
stri ng variable that contains the characters you want to access. The sub¬ 
str function has two actual arguments: and . The arguments 

can be numeric literal constants or the names of numeric variables. The 
required argument represents the subscript of the first character 

you want to access in the . You learned about subscripts in Chapters 
11 and 12, which covered one-dimensional and two-dimensional arrays. A 
string is equivalent to a one-dimensional array of characters. Each character 
has a unique subscript that can be used to refer to the contents of the string, 
one character at a time. The subscript indicates the character’s position in 
the string. The first character in a string has a subscript of 0, the second has 
a subscript of 1, and so on. To have the substr function access the first 
four characters in a string, you use 0 as the argument and 4 as the 

argument. Similarly, to have the function access the tenth through the 
twelfth characters, you use 9 as the argument and 3 as the 

argument. The substr function returns a string that contains number 
of characters, beginning with the character whose subscript is specified in 
the argument. If you omit the argument, the substr func¬ 
tion returns all of the characters from the position through the end 

of the . Also included in Figure 13-16 are examples of using the sub¬ 
str function. In Example 1, the first = name . substr (0, 4) ; statement 
assigns the first four characters contained in the name variable (“Jack”) to 
the first variable. The 1 ast = name. substr (5) ; statement assigns all of 
the characters contained in the name variable, beginning with the character 
whose subscript is 5, to the last variable. In this case, the statement assigns 
“Blackfeather” to the last variable. The condition in the if clause in Exam¬ 
ple 2 uses the substr function to compare the first character contained in 
the sales variable with the dollar sign. If the condition evaluates to true, 
the sales = sal es . substr (1) ; statement assigns all of the characters 
from the sales variable, beginning with the character whose subscript is 1, 
to the sales variable. In other words, the statement assigns all of the char¬ 
acters except the dollar sign to the variable. The condition in the i f clause in 
Example 3 uses the substr and length functions to determine whether the 
string stored in the rate variable ends with the percent sign. If it does, the 
rate = rate . substr(0, rate. 1 ength() - 1) ; statement assigns the 
rate variable’s contents, excluding the last character (which is the percent 
sign), to the rate variable. 
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HOWTO Use the substr Function 
Syntax 

string.substr(subscriptl, count]) 


Example 1 

string name = "Jack B1ackfeather"; 

string first = ; 

string last = 

first = name.substr(0, 4); 

last = name.substr(5); 

assigns “Jack” to the fi rst variable and “Blackfeather” to the last variable 

Example 2 
string sales = 
cout « "Enter the sales: 
getline(cin, sales); 
if (sales.substr(0, 1) == "$") 
sales = sales.substr(l); 

//end if 

if the string stored in the sales variable begins with the dollar sign, the 
code assigns the variable’s contents, excluding the dollar sign, to the 
variable 

Example 3 

string rate = 

cout « "Enter the rate: 

getline(cin, rate); 

if (rate.substr(rate.1ength() - 1, 1) == "%") 
rate = rate.substr(0, rate.1ength() - 1); 

//end if 

if the string stored in the rate variable ends with the percent sign, the code 
assigns the variable’s contents, excluding the percent sign, to the variable 

Figure 13-16 How to use the substr function 



Figure 13-17 shows the problem specification, IPO chart information, and 
C++ code for the modified ZIP code program. The modified program con¬ 
tains a nested loop that determines whether each character entered by the 
user is a number. The nested loop is shaded in the figure. The condition in 
the nested loop’s while clause tells the computer to repeat the loop instruc¬ 
tions as long as both of the following two sub-conditions evaluate to true. 
First, the contents of the sub variable, which keeps track of the character 
subscripts in the zi pCode variable, must be less than the length of the 
string stored in the zi pCode variable. Second, the foundNonNumber vari¬ 
able, which keeps track of whether a non-numeric character appears in the 
zi pCode variable, must contain the character ‘N! Notice that the condition 
in the i f clause inside the nested loop uses the substr function and sub 
variable to access the current character in the zi pCode variable. The con¬ 
dition determines whether the current character is less than “0” or greater 
than “9”. If the condition evaluates to true, it means that the character is not 
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a number. In that case, the statement in the i f statement’s true path assigns 
the character ‘Y’ to the foundNonNumber variable. Otherwise, the statement 
in its false path adds the number 1 to the character subscript, which is stored 
in the sub variable; doing this allows the loop to look at the next character in 
the zi pCode variable. The i f statement that follows the nested loop com¬ 
pares the value stored in the foundNonNumber variable to the character ‘N’. 
If the variable contains the character ‘hf the i f statement’s true path displays 
the “All numbers” message; otherwise, its false path displays the “Not all 
numbers” message. 


Problem specification 

Create a program that allows the user to enter a ZIP code. The program should verify 
that the user entered exactly five characters. If the user entered the required number of 
characters, the program should display the message “Valid length". It then should verify 
that each of the five characters is a number. If all five characters are numbers, the program 
should display the message “All numbers”; otherwise, it should display the message 
“Not all numbers". If, on the other hand, the user did not enter the required number of 
characters, the program should display the message “Invalid length”. The ZIP code will not 
be used in a calculation, so the program should store its value in a string variable. The 
program should store the four messages in four string named constants. 

IPO chart information 

InDut 

ZUP code 

C++ instructions 

string zipCode = 

Processing 

variable that keeps track, of whether a 
non-numeric character appears Lav the 
ZJP code ('N') 

char foundNonNumber = ' N 1 ; 

character subscript 

created and LiA-LtLalLzed iwthe If 
statement's true path 

Output 

"valid lewgth" message or 

"liAA/alld lewgth" message 

"All numbers" message or 

"Not all numbers" message 

const string VALID_MSG 
="Valid 1ength"; 
const string INVALID_MSG 
="Invalid 1ength"; 
const string ALL_NUMBERS 
="A11 numbers"; 
const string NOT_ALL_NUMBERS 
="Not al1 numbers"; 

Algorithm 

l. ewter the Z,IP code 

cout « "Five-character ZIP 
code (-1 to end) : " ; 
cin » zipCode; 


Figure 13-17 Modified problem specification, IPO chart information, and C++ instructions for the 
ZIP code problem (continues) 
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(continued) 


2. repent while (the ZIP code Is wot "-1") 

while (zipCode != "-1") 

{ 

if (zipCode.length() == 5) 

If (the ZIP code cowtalws 

exactly 5 characters) 

{ 

display the "valid lewgth" iwessnge 

cout « VALID_MSC « endl ; 

nsslgw o to the character subscript 

int sub = 0; 

repeat while (the character subscript 

while (sub < zipCode.length () 

Is less thaw the wuruber of characters 

&& foundNonNumber == 'N') 

Iw the ZIP code, awd the variable 
that teeeps tracte of whether a 

wow-wuwieric character appears^ 

Iwthe ZIP code cowtalws 'N') 

of (the current character 

if (zipCode.substr(sub, 1) 

Iw the ZIP code Is less thaw 

< "0" || zipCode.substr 

f o" or greater thaw 

(sub, 1) > "9") 


asslgw 'Y' to the variable 

foundNonNumber = 'Y'; 

that teeeps track. of whethetj 

a wow-wuruerlc character} 


appears Iw the zIP cod£ 


SB 

else 

add l to the character 
subscript 

sub += 1; 

ewd If 

//end if 

ewd repeat 

//end while 

if (the variable that keeps track of 
whether a wow-wuicteric character 

if (foundNonNumber == ' N ') 

appears iwthe ZIP code cowtalws 'N') 


display the "All wurubers" 

cout « ALL_NUMBERS 

iwessage 

« endl « endl ; 

else 

el se 

display the "Not all 
wuwtbers" ruessage 
ewd if 

cout « NOT_ALL_NUMBERS 
« endl « endl ; 

//end if 

} 

el se 

else 

display the "Iwvalld lewgth" 

cout « INVALID_MSG 

ruessage 

« endl « endl ; 


//end if 

ewterthe ZIP code 

cout « "Five-character ZIP code 
(-1 to end) : "; 
cin » zipCode; 

ewd repeat 

} //end while 



Figure 13-17 Modified problem specification, IPO chart information, and C++ instructions for the 
ZIP code problem 

The modified ZIP code program is shown in Figure 13-18, with the modifica¬ 
tions made to the original program (shown earlier in Figure 13-14) shaded. 

Figure 13-19 shows a sample run of the modified program. 
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You also can use 
sub++; in Line 
38. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 


//Modified ZIP Code.cpp 

//Displays a message indicating whether a ZIP 
//code's length is valid or invalid. Also displays 
//a message indicating whether each character 
//in the ZIP code is a number. 

//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <string> 
using namespace std; 

int main() 

{ 

const string VALID_MSG = "Valid length"; 

const string INVALID_MSG = "Invalid length"; 

const string ALL_NUMBERS = "All numbers"; 

const string N0T_ALL_NUMBERS = "Not all numbers"; 

string zipCode = 

char foundNonNumber = 'N'; 

cout « "Five-character ZIP code (-1 to end): "; 
cin » zipCode; 

while (zipCode != "-1") 

{ 

if (zipCode.length() == 5) 

{ 

cout « VALID_MSG « endl; 

//determine whether each character 

//is a number 
int sub = 0; 

while (sub < zipCode.1ength() 

&& foundNonNumber == 'N') 
if (zipCode.substr(sub, 1) < "0" 

|| zipCode.substr(sub, 1) > "9") 
foundNonNumber = 'Y'; 

else 


sub += 1; //check the next character 



//display message regarding numbers 

if (foundNonNumber == 'N') 

cout « ALL_NUMBERS « endl « endl; 

cout « N0T_ALL_NUMBERS « endl « endl; 
//end if 

i 

el se 

cout « INVALID_MSG « endl « endl; 

//end if 

cout « "Five-character ZIP code (-1 to end): "; 
cin » zipCode; 

} //end while 

system("pause"); - 

return 0; 

} //end of main function 


your C++ development 
tool may not require 
this statement 


Figure 13-18 Modified ZIP code program 
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Figure 13-19 Sample run of the modified ZIP code program 


Mini-Quiz 13-2 

1. Which of the following while clauses tells the computer to process 
the loop instructions as long as the empl oyee variable contains more 
than 20 characters? 

a. while (employee.1ength() > 20) 

b. while (employee.1ength() > "20"); 

c. while (employee.1ength() > '20'); 

d. while (employee.1ength() > 20); 


2. Write a C++ i f clause that determines whether a stri ng variable 
named code contains seven characters. 

3. The ci tyState variable contains the string “Los Angeles, CA”. 
Which of the following assigns the state ID (“CA”) toastring vari¬ 
able named state? 

a. state = cityState.substr(13); 

b. state = cityState.substr(13, 2); 

c. state = cityState.substr(14, 2); 

d. both a and b 


4. Write a cout statement that displays the last character contained in 
the col 1 ege variable. The variable has the stri ng data type. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 
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The Rearranged Name Program 

Figure 13-20 shows the problem specification and IPO chart for the rear¬ 
ranged name program. The program should allow the user to enter a person’s 
first and last names, separated by a space. The program should display the 
person’s last name followed by a comma, a space, and the person’s first name. 
For example, if the user enters “Henry Smith”, the program should display 
“Smith, Henry”. As the algorithm indicates, you can accomplish this task 
by searching for the space character that separates the first name from the 
last name. The characters to the left of the space character represent the 
first name. The characters to the right of the space character represent the 
last name. You will learn how to search the contents ofastring variable in 
the next section. 


Problem specification 

Create a program that allows the user to enter a person’s first and last names, 
separated by a space. The program should display the person’s last name 
followed by a comma, a space, and the person’s first name. For example, if the 
user enters “Henry Smith”, the program should display “Smith, Henry”. 


Input 

i A,a\AA& (first \au me 
followed by a syaoe 
c?wd the last raw) 


Processing 

Prooesslwg Items: 
spate's Location 


Output 

rearranged name 
(last name followed 
by a comma, a spate, 
and the first name) 


Algorithm: 

1. enter the name 

2 . searth the name, looking for 
the spate's lotatlon 

3 . assign the tharatters to the left 

of the spate's lotatlon as the first name 

4. asslg n th e t h a ra tters to th e rig ht 

of the spate's lotatlon as the last name 

5. display the rearranged name, whlth 
Is the last name followed by a tomma, 
a spate, and the first name 


Figure 13-20 Problem specification and IPO chart for the rearranged name program 


Searching the Contents of a stri ng Variable 

You can use the stri ng class’s find function to search the contents of a 
stri ng variable to determine whether it contains a specific sequence of 
characters. For example, you can use the function to determine whether a 
phone number contains a certain area code. Or, you can use the function to 
determine whether a specific street name appears in an address. You also can 
use it to determine the location of the space character that separates a first 
name from a last name. Figure 13-21 shows the syntax of the find function. 

In the syntax, is the name of the stri ng variable whose contents you 
want to search, and is the string for which you are searching. 

The argument can beastring literal constant or the name of 
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either a st ri ng variable or stri ng named constant. The subscript argument 
specifies the starting position for the search. In other words, it specifies the 
subscript of the character at which the search should begin. The find func¬ 
tion searches for the searchstring in the string, starting with the character 
whose subscript is specified in the subscript argument. The find function 
performs a case-sensitive search, which means that uppercase letters are 
not equivalent to their lowercase counterparts. When the searchstring is 
contained within the string, the find function returns an integer that indi¬ 
cates the beginning position (subscript) of the searchstring within the string. 
The function returns the number -1 when the searchstring is not contained 
within the string. Figure 13-21 also shows examples of using the find func¬ 
tion. The 1 ocation = phone. find(" (312) " , 0) ; statement in Example 
1 searches for the searchstring “(312)” in the phone variable, beginning with 
the first character (whose subscript is 0) in the variable. It then assigns the 
result—in this case, the number 0—to the 1 ocati on variable. The num¬ 
ber 0 is assigned because the searchstring “(312)” begins with the charac¬ 
ter whose subscript is 0 in the phone variable. The spaceLocati on = 
name. find (" ", 1) ; statement in Example 2 searches for the space charac¬ 
ter in the name variable, starting with the second character (whose subscript 
is 1). It assigns the result (5) to the spaceLocati on variable. The number 
5 is assigned because the searchstring (" ") has a subscript of 5 in the name 
variable. The 1 ocati on = address .find("Elm ", 2); statement in 
Example 3 searches the third through the last characters in the address 
variable, looking for the string “Elm ”, The statement assigns the number 4 to 
the 1 ocati on variable, because the string “Elm ” begins with the character 
whose subscript is 4 in the address variable. The 1 ocati on = address. 
find("elm ", 0) ; statement in Example 4 searches for the string “elm ” 
in the address variable, starting with the first character. The statement 
assigns the number -1 to the 1 ocati on variable, because the address 
variable does not contain the string “elm ”. The location = address, 
find (" El m ", 9) ; statement in Example 5 searches for the string “Elm ” in 
the tenth through the last characters in the address variable. The statement 
assigns the number -1 to the 1 ocati on variable, because the string “Elm ” 
does not appear in the tenth through the last characters in the address vari¬ 
able. In other words, it doesn’t appear in the characters “treet, Elmwood, NJ”. 




HOW TO Use the find Function 
Syntax 

string.findlsearchString, subscript) 


Example 1 

int location = 0; 

string phone = "(312) 999-9999"; 

location = phone.find("(312)", 0); 

searches the phone variable, starting with the first character (subscript 0), 
to determine the location of the string “(312)”; stores the result (0) in the 
location variable 


Figure 13-21 How to use the find function (continues) 
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(continued) 


Notice the space 
after the letter m 
in the find func¬ 
tion in Examples 
3, 4, and 5 in 
Figure 13-21. 


Example 2 

int spaceLocation = 0; 
string name = "Carol Cho"; 
spaceLocation = name.find(" ", 1); 

searches the name variable, starting with the second character (subscript 1), 
to determine the location of the space character; stores the result (5) in the 
spaceLocation variable 

Example 3 

int location = 0; 

string address = "210 Elm Street, Elmwood, Nl"; 
location = address.find("Elm ", 2); 

searches the address variable, starting with the third character (subscript 
2), to determine the location of the string “Elm stores the result (4) in the 
location variable 

Example 4 

int location = 0; 

string address = "210 Elm Street, Elmwood, N3"; 
location = address.find("elm ", 0); 

searches the address variable, starting with the first character (subscript 
0), to determine the location of the string “elm stores the result (-1) in the 
location variable 

Example 5 

int location = 0; 

string address = "210 Elm Street, Elmwood, N3"; 
location = address.find("Elm ", 9); 

searches the address variable, starting with the tenth character (subscript 
9), to determine the location of the string “Elm stores the result (-1) in the 
location variable 


Figure 13-21 How to use the find function 

Figure 13-22 shows the code for the rearranged name program. The find 
function appears on Line 23 and is shaded in the figure. After the find func¬ 
tion determines the location of the space, the program uses the location in 
the two substr functions to separate the first name from the last name. The 
substr functions appear on Lines 24 and 25 and are shaded in the figure. 
Figure 13-23 shows a sample run of the program. 


1 //Rearranged Name.cpp 

2 //Displays the last name followed by a comma, 

3 //a space, and the first name 

4 //Created/revised by <your name> on <current date> 

5 

6 #include <iostream> 

7 #include <string> 


Figure 13-22 Rearranged name program 
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8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


using namespace std; 

int main() 

{ 

//declare variables 
string firstLast = 
string first = 

string last = 

int spaceLocation = 0; 

//get first and last name 
cout « "Name (first and last): 
getline(cin, firstLast); 

//locate space, then pull out first and 
//last names 

spaceLocation = firstLast.find(" ", 0); 
first = firstLast.substr(0, spaceLocation); 
last = firstLast.substr(spaceLocation + 1) ; 

//display rearranged name 

cout « last « ", " « first « endl ; 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development 
tool may not require 
this statement 



Figure 13-22 Rearranged name program 


Figure 13-23 Sample run of the rearranged name program 


The Annual Income Program 

Figure 13-24 shows the problem description and IPO chart for the annual 
income program. The program should allow the user to enter a company’s 
annual income. It then should remove any commas and spaces from the 
user’s entry before displaying the annual income on the screen. You will learn 
how to remove characters from a stri ng variable in the next section. 


Problem specification 

Create a program that allows the user to enter a company’s annual income. 
The program should remove any commas and spaces from the annual income 
before displaying it on the screen. 


Figure 13-24 Problem specification and IPO chart for the annual income program 
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(continued) 

Input Processing Output 

aiA.iA.ual income 'Processing items,: aiA.iA.ual Iw&owie with 

character subscript (o) a-d commas or syac.es 

Algorithm: 

1. enter the avuA.ual income 

2 . repeat while (the annual Iw&oiwe Is wot "-1") 

repeat while (the aharaatersotbserlpt 
Is less thaw the lewgth of the annual 
income) 

if (the owrrewt aharaoter Iw the 
awwwal income is either a comma 
or a spaae) 

rewtove the awrrewt aharaater 
from, the a wwu.al income 
else 

add ito the character subscript 
to look, at the wext aharaater Iw 
the annual income 
end If 
end repeat 

display the annual income with 
no aom.rn.as or spaaes 

ewterthe annual income 
reset the character subscript to o 
end repeat 


Figure 13-24 Problem specification and IPO chart for the annual income program 


Removing Characters from a stri ng Variable 

At times, you may need to remove one or more characters from an item of 
data entered by the user, such as a dollar sign from the beginning of a sales 
amount or a percent sign from the end of a tax rate. In C++, you can use the 
stri ng class’s erase function to remove one or more characters located any¬ 
where in a stri ng variable. Figure 13-25 shows the function’s syntax. In the 
syntax, is the name of a stri ng variable, and the argument 

is the subscript of the first character you want to remove (erase) from the 
variable’s contents. Recall that the first character in a string has a subscript 
of 0. The optional argument is an integer that specifies the number of 
characters you want removed. If you omit the argument, the erase 
function removes all characters from the position through the end 

of the string. Figure 13-25 also shows examples of using the erase function. 
The pi ace. erase(0, 7) ; statement in Example 1 tells the computer to 
remove the first seven characters from the string stored in the pi ace vari¬ 
able. In this case, the computer removes the letters S, a, 1, e, and m and the 
comma and space characters. After the statement is processed, the pi ace 
variable contains the string “Oregon”. The pi ace. erase (5) ; statement in 
Example 2 tells the computer to remove all of the characters from the pi ace 
variable, beginning with the character whose subscript is 5. In this case, the 
statement removes the “, Oregon” portion of the string from the variable. 
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After the statement is processed, the pi ace variable contains the string 
“Salem”. The name. erase (2, 1) ; statement in Example 3 removes one 
character, beginning with the character whose subscript is 2, from the string 
stored in the name variable. In other words, it removes the letter h. After 
the statement is processed, the name variable contains the string “Jon”. The 
code in Example 4 contains a loop that looks at each character in the sal ary 
variable, one at a time. The condition in the i f statement within the loop 
compares the current character to both a comma and a space. If the current 
character is either of those characters, the sal ary. erase(subscri pt, 

1) ; statement in the i f statement’s true path removes the character from 
the variable. Otherwise, the subscri pt += 1 ; statement increments the 
subscri pt variable by 1, which allows the loop to look at the next character 
in the sal ary variable. 



HOW TO Use the erase Function 
Syntax 

string. erase( subscript^ count ]); 


Example 1 

string place = "Salem, Oregon"; 
place.erase(0, 7); 

removes the first seven characters from the place variable, changing the 
variable’s contents to “Oregon” 

Example 2 

string place = "Salem, Oregon"; 
pi ace.erase(5); 

removes all of the characters from the place variable, beginning with the 
character whose subscript is 5, changing the variable’s contents to “Salem” 


Example 3 

string name = "John"; 
name.erase(2, 1); 

removes the third character from the name variable, changing the variable’s 
contents to “Jon” 


Example 4 

int subscript = 0; 

string salary = 

cout « "Salary: "; 

getline(cin, salary); 

while (subscript < salary. lengthO) 

if (salary.substr(subscript, 1) == 

| salary.substr(subscript, 1) == " ") 
salary.erase(subscript, 1); 


el se 

subscript += 1; 
//end if 


you also can use 
subscript++; 


//end while 

removes (erases) any commas and spaces from the salary variable 


Figure 13-25 How to use the erase function 
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Figure 13-26 shows the annual income program. The erase function appears 
on Line 24 and is shaded in the figure. Figure 13-27 shows a sample run of 
the program. 



1 
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4 

5 
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28 
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39 

40 

41 


//Annual Income.cpp - displays the annual 
//income with any commas and spaces removed 
//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <string> 
using namespace std; 

int main() 

{ 

string income = ; 

int subscript = 0; 

cout « "Annual income (-1 to end): 
getlinefcin, income); 

while (income != "-1") 

{ 

//remove any commas or spaces 
while (subscript < income.1ength()) 

{ 

if (income.substr(subscript, 1) == 

| income.substr(subscript, 1) == " ") 
income.erase(subscript, 1); 

el se 

subscript += 1; 

//end if 
} //end while 

//display annual income 
cout « "Annual income with no commas " 

« "or spaces: $" « income « endl « endl ; 

cout « "Annual income (-1 to end): 
getline(cin, income); 
subscript = 0; 

} //end while 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development 
tool may not require 
this statement 


you also can use 
subscript++; 


Figure 13-26 Annual income program 
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2 spaces 



Figure 13-27 Sample run of the annual income program 


Replacing Characters in a stri ng Variable 

Rather than using the erase function to code the annual income program 
from the previous section, you also can use the stri ng class’s repl ace 
function. The replace function replaces a sequence of characters in a stri ng 
variable with another sequence of characters. For example, you can use the 
repl ace function to replace area code “800” with area code “877” in a phone 
number. Or, you can use it to replace the dashes in a Social Security number 
with the empty string. You also can use it to repl ace a character, such as a 
comma or a space, with the empty string. Figure 13-28 shows the repl ace 
function’s syntax and includes examples of using the function. In the syntax, 
is the name of a stri ng variable, and the argument speci¬ 

fies where to begin replacing characters in the . The argument 
indicates the number of characters to replace, and the 
argument contains the replacement characters. The phone. repl ace (2 , 

3 , "877") ; statement in Example 1 tells the computer to replace the 
“800” in the phone variable with “877”. After the statement is processed, 
the phone variable contains 1-877-111-0000. The item, repl ace (3 , 1, 
"D") ; statement in Example 2 replaces the letter X, whose subscript is 3 in 
the i tem variable, with the letter “D”. In other words, the statement changes 
the value stored in the i tem variable from “ABCX34” to “ABCD34’! The 
name. replace(7, 6, "Farley") ; statement in Example 3 replaces 
the string “Wilson” in the name variable with the string “Farley”; doing this 
changes the variable’s contents to “Karena Farley”. Example 4 replaces with 
the empty string any commas and spaces contained in the sal ary variable. 
In other words, it removes the commas and spaces from the variable. 
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HOW TO Use the replace Function 
Syntax 

string.replacelsubscript, count, replacementstring}-, 

Example 1 

string phone = "1-800-111-0000"; 
phone.replace(2, 3, "877"); 

replaces three characters in the phone variable, beginning with the 
character whose subscript is 2, with “877”; changes the contents of the 
phone variable to “1-877-111-0000” 

Example 2 

string item = "ABCX34"; 
item.replace(3, 1, "D"); 

replaces one character in the item variable, beginning with the character 
whose subscript is 3, with “D”; changes the contents of the item variable to 
“ABCD34” 


Example 3 

string name = "Karena Wilson"; 
name.replace(7, 6, "Farley"); 

replaces six characters in the name variable, beginning with the character 
whose subscript is 7, with “Farley”; changes the contents of the name 
variable to “Karena Farley” 


Example 4 

int subscript = 0; 

string salary = 

cout « "Salary: "; 

getline(cin, salary); 

while (subscript < salary.lengthO) 

if (salary.substr(subscript, 1) == 

|| salary.substr(subscript, 1) == " ") 
salary.replace(subscript, 1, ""); 


el se 

subscript += 1; 
//end if 


you also can use 
subscript++; 


//end while 

replaces with the empty string any commas and spaces in the salary 
variable 


Figure 13-28 How to use the repl ace function 

Figure 13-29 shows how you can use the repl ace function, instead of the 
erase function, in the annual income program. The modification made to 
the original code (shown earlier in Figure 13-26) is shaded in Figure 13-29. 
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//remove any commas or spaces 
while (subscript < income.lengthO) 

{ 

if (income.substr(subscript, 1) == 

income.substr(subscript, 1) == " ") 
income.replace(subscript, 1, 

el se 

subscript += 1; 

//end if 
} //end while 


you also can use 
subscript++; 



Figure 13-29 Partial annual income program showing the repl ace function 


Mini-Quiz 13-3 


1. Which of the following searches for a comma in a stri ng variable 
named ci tyState and then assigns the result to an i nt variable 
named location? 


a. location 

b. location 

c. location 

d. location 


ci tyState. find(",", 0); 
cityState.find(0, 
cityState.search(",", 0); 
cityState.searchFor; 


2. If the ci tyState variable contains the string “Bowling Green, KY” 
what will the statement from Question 1 assign to the 1 ocati on 
variable? 

3. If the ci tyState variable contains the string “Bowling Green, KY” 
which of the following changes the variable’s contents to “Bowling 
Green”? 

a. cityState.erase(13); 

b. cityState.erase(13, 4); 

c. cityState.replace(13, 4, 

d. all of the above 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 


The Social Security Number Program 

Figure 13-30 shows the problem description and IPO chart for the Social 
Security number program. The program should allow the user to enter a 
Social Security number without the hyphens. If the user’s entry contains nine 
characters, the program should insert hyphens in the appropriate places in 
the Social Security number and then display the result on the screen. If the 
user did not enter nine characters, the program should display an appropriate 
message. You will learn how to insert characters within a stri ng variable in 
the next section. 
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Problem specification 

Create a program that allows the user to enter a Social Security number without 
the two hyphens. The user’s entry should contain nine characters. If the user 
did not enter the required number of characters, the program should display 
the message “The number must contain 9 characters". Otherwise, the program 
should insert the two missing hyphens and then display the result on the screen. 

Input 

SSN (without hyyhews) 

Processing Output 

Processing Items: none ssn (with hyphens) 


Algorithm.: 

1. enter the SSN 

2 . If (the SSN contalns_5 characters) 

Insert a hyphen as the fourth 
character In the SSN 


Insert a hyphen as the seventh 
character In the SSN 


display the SSN 
else 

display the message "The number 
must contain^ characters" 
end If 



Figure 13-30 Problem specification and IPO chart for the Social Security number program 


Inserting Characters Within a stri ng Variable 

In addition to removing and replacing characters in a stri ng variable, you 
also can insert characters within a stri ng variable. For example, you can 
insert an employee’s middle initial between his or her first and last names. 
Or, you can insert parentheses around the area code in a phone number. You 
also can insert hyphens in a Social Security number. The stri ng class pro¬ 
vides the insert function for inserting characters within a stri ng variable. 
The function’s syntax is shown in Figure 13-31. In the syntax, is the 
name of a stri ng variable, and specifies where in the you 

want the inserted. To insert the at the beginning of 

the , you use the number 0 as the . To insert the 

starting with the second character in the , you use the number 1 as the 
, and so on. Also shown in Figure 13-31 are examples of using the 
i nsert function. The name. i nsert(7 , "G. "); statement in Example 
1 tells the computer to insert the —in this case, “G. ” (the letter 

G, a period, and a space)—in the name variable. The letter G is inserted in 
subscript 7, which makes it the eighth character in the name variable. The 
period and space are inserted in subscripts 8 and 9, making them the ninth 
and tenth characters in the variable. After the statement is processed, the 
name variable contains the string “Harold G. Cruthers”. In Example 2, the 
phone. i nsert(0 , statement changes the contents of the phone 

variable from “312 050-1111” to “(312 050-1111”. The phone. i nsert (4, 

; statement then changes the variable’s contents to “(312) 050-1111”. 
The ssn.insert (3, statement in Example 3 changes the contents 
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of the ssn variable from “111220000” to 111-220000”. The ssn. i nsert(6, 
; statement then changes the variable’s contents to “111-22-0000”. 



HOW TO Use the i nsert Function 
Syntax 

string.insert(subscript, insertstring ); 


Example 1 

string name = "Harold Cruthers"; 
name.insert(7, "G. "); 

inserts the letter G, followed by a period and a space, between the first and 
last names stored in the name variable; changes the contents of the name 
variable to “Harold G. Cruthers” 

Example 2 

string phone = "312 050-1111"; 
phone.insert(0, 
phone.insert(4, 

inserts the opening and closing parentheses at the beginning and end, 
respectively, of the area code; changes the contents of the phone variable 
to “(312) 050-1111” 

Example 3 

string ssn = "111220000"; 
ssn.insert(3, 
ssn.insert(6, 

inserts two hyphens in the Social Security number, one after the third 
number and the other after the fifth number; changes the contents of the 
ssn variable to “111-22-0000” 



Figure 13-31 How to use the i nsert function 


Figure 13-32 shows the Social Security number program. The i nsert func¬ 
tion appears on Lines 17 and 18; both lines are shaded in the figure. Figure 
13-33 shows a sample run of the program. 


1 

//Social Security Number.cpp 


2 

//Displays the Social Security number with hyphens 

3 

A 

//Created/revised by <your name> on <current 

dates 

5 

#include <iostream> 


6 

#include <string> 


7 

R 

using namespace std; 


9 

int main() 


10 

{ 


11 

string ssn = 


12 

cout « "Social Security number without 

hyphens: "; 


Figure 13-32 Social Security number program (continues) 
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13 

getline(cin, ssn); 



14 




15 

if (ssn.lengthO == 9) 



16 

{ 



17 

ssn.insert(3, 



18 

ssn.insert(6, 



19 

cout « "Social Security number: " « ssn « end! ; 

20 

} 



21 

el se 



22 

cout « "The number 

must contain " 

23 

« "9 characters" « 

endl ; 

24 

//end if 



25 



your C++ development 


26 

system("pause"); - 


tool may not require 


27 

return 0; 


this statement 


28 } 

//end of main function 





Figure 13-32 Social Security number program 


Figure 13-33 Sample run of the Social Security number program 


The Company Name Program 

Figure 13-34 shows the problem description and IPO chart for the company 
name program. The program should allow the user to enter the name of a 
company. It then should display the name with a row of hyphens below it. 


Problem specification 

Create a program that allows the user to enter the name of a company. The 
program should display the name underlined with a row of hyphens. The 
number of hyphens should be the same as the number of characters in the 
company name. 

Input Processing Output 


Figure 13-34 Problem specification and IPO chart for the company name program 
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Duplicating a Character Within a stri ng Variable 

You can use the stri ng class’s assign function to duplicate one character a 
specified number of times and then assign the resulting string to a stri ng 
variable. Figure 13-35 shows the function’s syntax and includes examples 
of using the function. In the syntax, is the name ofastring variable 
that will store the duplicated characters. The argument is an integer 
that indicates the number of times you want to duplicate the character speci¬ 
fied in the function’s argument. The argument can be 

either a character literal constant enclosed in single quotation marks or the 
name of a char memory location. The asteri sks . assi gn(10, ' *') ; 
statement in Example 1 duplicates the asterisk character 10 times and then 
assigns the resulting string to the asteri sks variable. The underline, 
assi gn (companyName. 1 ength () , ' - ') ; statement in Example 2 dupli¬ 
cates the hyphen character zero or more times, depending on the number of 
characters in the companyName variable. It then assigns the resulting string 
to the underline variable. 




HOWTO Use the assign Function 
Syntax 

string.assign{count, character); 


Example 1 

string asterisks = 

asterisks.assign(10, 

assigns 10 asterisks to the asteri sks variable 

Example 2 

string companyName = 

string underline = 

cout « "Company name: 

getline(cin, companyName); 

underline.assign(companyName.length(), 

assigns zero or more hyphens to the underline variable; the number of 

hyphens depends on the number of characters in the companyName variable 

Figure 13-35 How to use the assi gn function 

Figure 13-36 shows the company name program. The assi gn function 
appears on Line 18 and is shaded in the figure. Figure 13-37 shows a sample 
run of the program. 


1 //Company Name.cpp - displays the company name 

2 //underlined with a row of hyphens 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <string> 


Figure 13-36 Company name program (continues) 
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7 using namespace std; 

8 


9 

int mainO 


10 

{ 


11 

string companyName = 


12 

string underline = 


13 



14 

//get the company name 


15 

cout « "Company name: 


16 

getline(cin, companyName); 


17 

//assign the appropriate number 

of hyphens 

18 

underline.assign(companyName.1 ength(), ; 

19 

//display the company name and 

row of hyphens 

20 

cout « endl « companyName « 

endl; 

21 

cout « underline « endl; 



22 

23 system("pause") ; - 

24 return 0; 

25 } //end of main function 


your C++ development 
tool may not require 
this statement 


Figure 13-36 Company name program 


Figure 13-37 Sample run of the company name program 

Concatenating Strings 

The company name program, which you viewed in the previous section, used 
the as si gn function to assign zero or more hyphens to a stri ng variable 
named underline. You can accomplish the same result using string concat¬ 
enation (rather than the assign function). String concatenation refers to the 
process of connecting (or linking) strings together. You concatenate strings 
using the concatenation operator, which is the + sign in C++. Figure 13-38 
shows examples of using the concatenation operator in a C++ statement. 

The full = first + " " + 1 as t ; statement in Example 1 concatenates 
the contents of the fi r st variable, a space, and the contents of the last vari¬ 
able. It then assigns the concatenated string (“Sydney Holmes”) to the full 
variable. The sentence = sentence + statement in Example 2 
concatenates the contents of the sentence variable and a question mark (?) 
and then assigns the concatenated string (“How are you?”) to the sentence 
variable. The underl i ne = underline + statement in Example 3 

appears within a loop that will repeat the statement for each character in the 
companyName variable. The statement concatenates a hyphen (-) and the 
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current contents of the underline variable and then assigns the result to 
the underline variable. 



559 


Example 2 

string sentence = "How are you"; 
sentence = sentence + 

concatenates the contents of the sentence variable and a question mark 
and then assigns the result (“How are you?”) to the sentence variable 

Example 3 

string companyName = 
string underline = 
cout « "Company name: 
getline(cin, companyName); 

for (int x = 1; x <= companyName.1ength(); x += 1) 
underline = underline + 

//end for 

concatenates zero or more hyphens within the underline variable; 
the number of hyphens depends on the number of characters in the 
companyName variable 

Figure 13-38 How to use the concatenation operator 

Figure 13-39 shows how you can use string concatenation, instead of the 
assign function, in the company name program. The modifications made to 
the original code (shown earlier in Figure 13-36) are shaded in Figure 13-39. 
Although you could use the loop shown in Figure 13-39 to assign the appro¬ 
priate number of hyphens to the underline variable, it is much easier to use 
the underl i ne. assi gn(companyName. 1 ength () , ' - ') ; statement. 


HOW TO Use the Concatenation Operator 

Example 1 

string first = "Sydney"; 
string last = "Holmes"; 
string full = ""; 
full = first + " " + last; 

concatenates the contents of the first variable, a space, and the contents 
of the 1 ast variable and then assigns the result (“Sydney Holmes”) to the 
full variable 


17 

//assign the appropriate number of hyphens 

18 

for (int x = 1; x <= companyName.1ength(); x += 1) 

19 

underline = underline + 

20 

//end for 

21 

//display the company name and row of hyphens 

22 

cout « endl « companyName « endl; 

23 

cout « underline « endl; 


® You also can use 
x++ in Line 18, 
^ and underline 
+ = in Line 
19. 


Figure 13-39 Partial company name program showing string concatenation 
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The answers to 

Mini-Quiz ques- Mini-Quiz 13-4 

tions are located 

in Appendix A. 1. Which of the following changes the contents of the ci tyState 

variable from “Las Vegas Nevada” to “Las Vegas, Nevada”? 

a. cityState.insert(10, 

b. cityState.replace("s N", "s, N") ; 

c. cityState.assign(9, 

d. none of the above 

2. The temp and sentence variables are stri ng variables. Which of 
the following assigns four exclamation points to the temp variable 
and then concatenates the variable and the sentence variable? 


a. 

sentence = sentence 

+ 

temp.assign(4, 


b. 

sentence = sentence 

+ 

temp.assign(4, 

"!"); 

c. 

sentence = sentence 

+ 

temp.assign(' ! 

, 4); 

d. 

none of the above 





3. Which of the following concatenates the opening parentheses, the 
contents of the areaCode variable, and the closing parentheses and 
then assigns the result to the areaCode variable? 

a. areaCode = "(" + "areaCode" + 

b. areaCode = "(" + areaCode + 

c. areaCode = '(' & areaCode & 

d. none of the above 


The answers to 
the labs are 
^ located in 
Appendix A. 



AB 13-1 Stop and Analyze 


Study the program shown in Figure 13-40 and then answer the 
questions. 


1 //Labl3-1.cpp 

2 //Removes parentheses and hyphens from a phone number 

3 //Created/revised by <your names on <current dates 

4 

5 #include ciostreams 

6 #include <strings 

7 using namespace std; 

8 


Figure 13-40 Code for Lab 13-1 (continues) 
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(continued) 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 


int 

{ 


main() 

string phone = 

string currentChar = 
int numChars = 0; 

int subscript = 0; 

//get phone number 

cout « "Enter a phone number: 

get!ine(cin, phone); 

//determine number of characters 
numChars = phone.1ength(); 

//remove any parentheses or hyphens 
while (subscript < numChars) 

{ 

currentChar = phone.substr(subscript, 1); 
if (currentChar == "(" 

|| currentChar == ")" 

| currentChar == "-") 

{ 

phone.erase(subscript, 1); 
numChars = numChars - 1; 

} 

el se 

subscript += 1; 

//end if 
} //end while 

//display phone number 

cout « "Phone number: " « phone « endl; 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development tool 
may not require this statement 


You also can use 
either numChars 
= -= 1; or 

numChars--; 
in Line 32, and 
subscript++; in 
Line 35. 



Figure 13-40 Code for Lab 13-1 


QUESTIONS 

. What is the purpose of the loop in Lines 24 through 37? 

. What is the purpose of the statement in Line 26? 

3. What is the purpose of the selection structure in Lines 27 through 36? 

, Why is the statement in Line 32 necessary? 

. Why is the statement in Line 35 processed only when the cur¬ 
rent character is not the opening parentheses, closing parentheses, 
or hyphen? In other words, why isn’t it necessary to update the 
subscri pt variable when the character is the opening parentheses, 
closing parentheses, or hyphen? 
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6 . Follow the instructions for starting C++ and opening the Labl3-l.cpp 
file. The file is contained in either the Cpp6\Chapl3\Labl3-l Project 
folder or the Cpp6\Chapl3 folder. Run the program. When you are 
prompted to enter a phone number, type (312)050-1234 and press 
Enter. The program removes the parentheses and hyphen from the 
phone number and then displays 3120501234 on the screen. 

Modify the program to use the re pi ace function rather than the 
erase function. Save and then run the program. 



AB 13-2 Plan and Create 


In this lab, you will plan and create an algorithm for Mr. Coleman. 
The problem specification, IPO chart information, and C++ 
instructions are shown in Figure 13-41. 


Problem specification 

Mr. Coleman teaches second grade at Hinsbrook School. On days when the weather 
is bad and the students cannot go outside to play, he spends recess time playing a 
simplified version of the Hangman game with his class. The game requires two people 
to play. Currently, Mr. Coleman thinks of a word that has five letters. He then draws 
five dashes on the chalkboard—one for each letter in the word. One student then is 
chosen to guess the word, letter by letter. When the student guesses a correct letter, 

Mr. Coleman replaces the appropriate dash or dashes with the letter. For example, if 
the original word is moose and the student guesses the letter o, Mr. Coleman changes 
the five dashes on the chalkboard to -oo~. The game is over when the student either 
guesses all of the letters in the word or makes 10 incorrect guesses, whichever occurs 
first. Mr. Coleman wants a program that allows two students to play the game on the 
computer. 

IPO chart information 

InDut 

original word (from player l) 
letter (from, player 2) 

C++ instructions 

string origWord = 
string letter = 

Processing 

variable that teeeps track, of whether 
a dash was replaced ('N') 

char dashReplaced = ' N ' ; 

variable that keeps t rack of whether 
the game Is over ('N') 

char gameOver = 'N'; 

wumber of Iw&orrect guesses 

int numlncorrect = 0; 

Output 

display word (5 dashes whew 
the program beglws) 

string displayWord = "- 


Figure 13-41 Problem specification, IPO chart information, and C++ instructions for Lab 13-2 

(continues) 














The Company Name Program 


(continued) 


Algorithm 


±. 

repent 

do //begin loop 
{ 

cout « "Enter a 5-letter word 
in uppercase: 
getline(cin, origWord); 


get orlglwal word 


while (the orlglwal word 
does wot cowtnlw exactly 
five characters) 

} while (origWord.length () != 5); 

2 . 

clear the screew 

system("cls") ; 

3. 

display the five dashes cowtnlwed 

cout « "Guess this word: " « 


Iw the display word 

displayWord « endl ; 

4 . 

repeat while (the g aw Is wot over) 

while (gameOver == 'N’) 

{ 

cout « "Enter an uppercase 
letter: 

cin » letter; 


get aw uppercase letter 


repeat for (each letter Iw the 

for (int x = 0; x < 5; x += 1) 


orlglwal word) 

{ 


If (the cwrrewt character Iwthe 

if (origWord.substr(x, 1) 


orlglwal word matches the letter) 

== letter) 

{ 

displayWord.replace(x, 


replace the dash Iw the 


display word with the letter 

1, letter); 


asslgw y' to the variable 
that kseeps tracks of whether 
a dash was replaced 

dashReplaced = ' Y '; 


ewd If 

} //end if 


ewd repeat 

} //end for 


If (a dash was replaced) 

if (dashReplaced == 'Y') 

{ 

if (di splayWord.find("-" , 


If (the display word does wot 


cowtnlw nwy dashes) 

0) == -1) 

{ 

gameOver = 'Y' ; 


asslgw 'Y' to the variable 
that kseeps tracks of whether 
the gnwce Is over 


display the orlglwal word 

cout « endl « "Yes, the 
word is " « origWord 
« endl ; 


display "<great gixesslwg" 

cout « "Great guessing!" 


message 

« endl ; 

} 

el se 

{ 

cout « endl « "Guess this 


else 


display the stntws of the 


display word 

word: " « displayWord 
« endl ; 



Figure 13-41 Problem specification, IPO chart information, and C++ instructions for Lab 13-2 
(continues) 
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reset to 'N' the variable 

dashReplaced = 'N'; 

that leeeps tracle of whether 
a dash was replaced 

tV\^d L~f 

} //end if 

} 

el se 

{ 

numlncorrect += 1; 

else 

add l to the wumber of 

Iwcorrect g nesses 

If (the wumber of Iwcorrect 

if (numlncorrect == 10) 

g nesses Is l o) 

{ 

assign, 'Y'to the variable 

gameOver = 'Y'; 

that teeeps tracte of whether 
the garve Is over 

display "Sorry, the word Is" 

cout « endl « 

awd the on.glin.al word 

"Sorry, the word 
is " « origWord 
« endl; 

tz^d l~f 

} //end if 

ewd If 

} //end if 

ewd repeat } 

//end while 



Figure 13-41 Problem specification, IPO chart information, and C++ instructions for Lab 13-2 


Figure 13-42 shows the code for the entire Hangman game program, and 
Figures 13-43 and 13-44 show sample runs of the program. 


1 

//Labl3-2.cpp - simulates the Hangman game 

2 

0 

//Created/revised by <your name> 

on <current date> 

4 

#include <iostream> 


5 

#include <string> 


6 

7 

using namespace std; 


8 

int main() 


9 

{ 


10 

//declare variables 


11 

string origWord = 


12 

string letter = 


13 

char dashReplaced = 'N'; 


14 

char gameOver = 'N'; 


15 

int numlncorrect = 0; 


16 

string displayWord = "- 


17 



18 

//get original word 


19 

do //begin loop 


20 

{ 


21 

cout « "Enter a 5-letter 

word in uppercase 

22 

getline(cin, origWord); 


23 

} while (origWord.length() 

= 5); 

24 




Figure 13-42 Hangman game program (continues) 
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(continued) 


25 

//clear the screen 

26 

systemC'cl s"); 

27 



28 

//start guessing 

29 

cout « "Guess this word: " « 

30 

displayWord « end! ; 

31 

whi 1 e 

CgameOver == 'N') 

32 

{ 


33 

cout « "Enter an uppercase letter: 

34 

ci n 

» letter; 

35 



36 

//search for the letter in the original word 

37 

for 

(int x = 0; x < 5; x += 1) 

38 

{ 


39 


//if the current character matches 

40 


//the letter, replace the corresponding 

41 


//dash in the displayWord variable and then 

42 


//set the dashReplaced variable to 'Y' 

43 


if (origWord.substr(x, 1) == letter) 

44 


{ 

45 


displayWord.replace(x, 1, letter); 

46 


dashReplaced = 'Y'; 

47 


} //end if 

48 

} 

//end for 

49 



50 

//if a dash was replaced, check whether the 

51 

//displayWord variable contains any dashes 

52 

if 

(dashReplaced == 'Y') 

53 

{ 


54 


//if the displayWord variable does not 

55 


//contain any dashes, the game is over 

56 


if (di splayWord.find("-" , 0) == -1) 

57 


{ 

58 


gameOver = 'Y'; 

59 


cout « endl « "Yes, the word is " 

60 


« origWord « endl; 

61 


cout « "Great guessing!" « endl; 

62 


} 

63 


else //otherwise, continue guessing 

64 


{ 

65 


cout « endl « "Guess this word: " 

66 


« displayWord « endl; 

67 


dashReplaced = 'N '; 

68 


} //end if 

69 

} 


70 

else //processed when dashReplaced contains 'N' 

71 

{ 


72 


//add 1 to the number of incorrect guesses 

73 


numlncorrect += 1; 

74 


//if the number of incorrect guesses is 10, 

75 


//the game is over 

76 


if (numlncorrect == 10) 

77 


{ 

78 


gameOver = 'Y'; 

79 


cout « endl « "Sorry, the word is " 

80 


« origWord « endl; 

81 


} //end if 



Figure 13-42 Hangman game program (continues) 
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82 

} //end if 


83 

} //end while 


84 


your C++ development 


85 

system("pause") ; - 

tool may not require 


86 

return 0; 

this statement 


87 } 

//end of main function 




Figure 13-42 Hangman game program 




Figure 13-43 Sample run of the Hangman game program 



Figure 13-44 Another sample run of the Hangman game program 
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DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending on 
the development tool you are using, you may need to create a new project; if so, 
name the project Labl3-2 Project and save it in the Cpp6\Chapl3 folder. Enter 
the instructions shown in Figure 13-42 in a source file named Labl3-2.cpp. 

(Do not enter the line numbers.) Save the file in either the project folder or the 
Cpp6\Chapl3 folder. Now follow the appropriate instructions for running the 
Labl3-2.cpp file. Test the program using an original word that does not contain 
exactly five characters. Also test the program using the data shown in Figures 
13-43 and 13-44. If necessary, correct any bugs (errors) in the program. 



I 



1 


AB 13-3 Modify 


If necessary, create a new project named Labl3-3 Project. Enter 
(or copy) the Labl3-2.cpp instructions into a new source file 
named Labl3-3.cpp. Change Labl3-2.cpp in the first comment 
to Labl3-3.cpp. Currently, the Hangman game program allows player 1 to 
enter only a five-character word. Modify the program so that player 1 can 
enter a word of any length. Save and then run the program. Test the program 
appropriately. 



AB 13-4 Desk-Check 


Desk-check the code shown in Figure 13-45. What will the code 
display on the screen? 


1 

//Labl3-4.cpp - displays a message 


2 

//Created/revised by <your name> on 

<current date> 

4 

#include <iostream> 


5 

#include <string> 


6 

7 

using namespace std; 


8 

int main() 


9 

{ 


10 

string message = "praogxwrazingmun"; 

11 

string subMessagel = 


12 

string subMessage2 = 


13 

14 

message.erase(5, 2); 


15 

message.insertfll, "is"); 


16 

message.replace(13, 1, "f"); 


17 

18 

subMessagel = message.substr(0, 

11); 

19 

subMessagel.replace(7, 1, "mm") 


20 

subMessagel.erase(2, 2); 


21 

subMessagel.replace(0, 1, "P"); 


22 

subMessagel.insert(2, "o"); 



Figure 13-45 Code for Lab 13-4 (continues) 
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23 

24 subMessage2 = subMessage2.assign(5, 

25 subMessage2 = message.substr(ll) + subMessage2; 

26 subMessage2.insert(0, " "); 

27 subMessage2.insert(3, " ; 

28 

29 message = subMessagel + subMessage2; 

30 

31 //display message 

32 cout « "Message: " « message « endl; 

33 

34 system("pause"); - 

35 return 0; 

36 } //end of main function 


your C++ development tool 
may not require this statement 


Figure 13-45 Code for Lab 13-4 



1 


AB 13-5 Debug 


Follow the instructions for starting C++ and opening the 
Labl3-5.cpp file. The file is contained in either the Cpp6\Chapl3\ 
Labl3-5 Project folder or the Cpp6\Chapl3 folder. Type Joe and 
press Enter. Rather than displaying the letters J, o, and e on three separate 
lines, the program displays Joe, oe, and e. Stop and then debug the program. 


Summary 

The stri ng data type was added to the C++ language using the stri ng 
class. 

Memory locations (variables and named constants) whose data type is 
stri ng are initialized using string literal constants, which are zero or 
more characters enclosed in double quotation marks. Most string vari¬ 
ables are initialized to the empty string. 

You can use the extraction operator to get a string from the user at the 
keyboard, but only if the string does not contain a white-space character 
(blank, tab, or newline). 

The getl i ne function gets a string of characters entered at the keyboard 
and stores them inastring variable. The string can contain any charac¬ 
ters, including white-space characters (blanks, tabs, and newlines). The 
getl i ne function stops reading and storing characters when it encoun¬ 
ters the delimiter character in the input. The function’s default delimiter 
character is the newline character. The function reads and then consumes 
(discards) the delimiter character. 

The computer stores the characters entered at the keyboard in the ci n 
object. Both the extraction operator and the getl i ne function remove 

















Summary 


characters from the object. However, unlike the extraction operator, which 
leaves the newline character in the ci n object, the getl i ne function con¬ 
sumes the newline character. 

• The ignore function reads and then consumes characters entered at the 
keyboard. The function stops reading and consuming characters when it 
consumes either a specified number of characters or the delimiter character, 
whichever occurs first. The default number of characters to consume is 1. 

• Figure 13-46 shows the syntax and purpose of each function covered 
in the chapter. It also includes the string concatenation operator. The 
assign, erase, i nsert, and replace functions are self-contained state¬ 
ments that change the value of the string variable. 



Function/Operator 

+ 

Syntax 

Purpose 

concatenate strings 

assign function 

string.assignlcount, character ); 

duplicate a character 
within a stri ng 
variable 

erase function 

string.erase[subscript[, count 1); 

remove one or more 

characters located 
anywhere in a 
stri ng variable 

find function 

string.find(searchString, subscript) 

search a stri ng 
variable to determine 
whether it contains a 
specific sequence of 
characters 

getl i ne function 

getline(cin, stringVariableName[, 
delimeterCharacter, 1); 

get string input from 
the keyboard 

ignore function 

cin.ignor e[[numberOfCharacters] 

[, delimiterCharacter]); 

read and consume 
characters entered at 
the keyboard 

i nsert function 

string.insert(subscript, insertstring ); 

insert characters 
within a stri ng 
variable 

length function 

str/ng.length() 

determine the number 
of characters 
contained in a 
stri ng variable 

replace function 

string.replace(subscript, count, 
replacementstring ); 

replace a sequence 
of characters in a 
stri ng variable with 
another sequence of 
characters 

substr function 

string.substr{subscript[, count]} 

access any number of 
characters contained 
in a stri ng variable 


Figure 13-46 Summary of stri ng functions and the concatenation operator 






CHAPTER 13 


Strings 



Key Terms 

function— used to duplicate one character a specified number of 
times within a string 

Concatenation operator —used to concatenate (connect) strings; the + sign in 
C++ 

Consuming the character —another term for discarding the character 

function —used to remove (erase) characters from a string 

function —returns an integer that indicates the beginning position of a 
string within a stri ng variable 

—reads characters entered at the keyboard until it 
encounters the delimiter character, which it consumes 

function— tells the computer to first read and then consume (dis¬ 
card) one or more characters 

function —used to insert characters within a string 

function —returns the number of characters contained in a stri ng 

variable 


function —used to replace characters within a string 

String concatenation —the process of connecting (or linking) strings 
together; accomplished with the concatenation operator 

function —returns the characters you want to access from a stri ng 

variable 


Review Questions 

1. Which of the following statements displays the number of characters 
contained in a stri ng variable named address? 

a. cout « address.1ength() « endl; 

b. cout « numChars(address) « endl; 

c. cout « length(address) « endl; 

d. cout « size.address « endl; 


2. Which of the following statements should a program use to get 
the name of any city and store itinastring variable named 
cityName? 

a. cin » ci tyName; 

b. cin(cityName); 

c. getline(cityName, cin); 

d. getline(cin, cityName); 








Review Questions 


3. If the amount variable contains the string “$56.55”, which of the 
following statements will remove the dollar sign from the variable’s 
contents? 

a. amount . erase("$") ; 

b. amount . erase(0, 1); 

c. amount = amount . substr(l) ; 

d. both b and c 

4. If the state variable contains the string “MI ” (the letters M and 
I followed by three spaces), which of the following statements will 
remove the three spaces from the variable’s contents? 

a. state . erase(" ") ; 

b. state . erase(3, 

c. state . remove(2 , 3); 

d. none of the above 

5. The subscript of the first character contained inastring 

variable is_. 

a. 0 (zero) 

b. 1 (one) 

6. Which of the following i f clauses determines whether the string 
stored in the part variable begins with the letter A? 

a. if (part . begins("A")) 

b. if (part.beginswith("A")) 

c. if (part . substr(0, 1) == "A") 

d. if (part . substr(l) == "A") 

7. Which of the following i f clauses determines whether the string 
stored in the part variable ends with the letter B? 

a. if (part . ends("B")) 

b. if (part.endswith("B") 

c. if (part . substr(part .1 ength() - 1, 1) == "B") 

d. none of the above 

8. Which of the following statements assigns the first three characters in 
the part variable to the code variable? 

a. code = part . assign(0 , 3); 

b. code = part . substr (0 , 3); 

c. code = part . substr(l, 3); 

d. code = part. substri ng(0, 3); 
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9. If the word variable contains the string “Bells”, which of the following 
statements will change the contents of the variable to “Bell”? 

a. word . erasefword . 1ength () - 1, 1); 

b. word.replacefword . 1engthf) - 1, 1, 

c. word = word . substr(0, word.1engthf) - 1); 

d. all of the above 

10. Which of the following statements changes the contents of the word 
variable from “men” to “mean”? 

a. word . addTo(2 , "a"); 

b. word. i nsert(2 , "a"); 

c. word . i nsert(3 , "a"); 

d. none of the above 

11. If the msg variable contains the string “Happy holidays”, what will the 
cout « msg. find("day" , 0) ; statement display on the screen? 

a. -1 

b. 0 

c. 10 

d. 11 

12. If the msg variable contains the string “Happy holidays”, what will 
thelocation = msg. find("Day" , 0) ; statement assign to the 
1 ocati on variable? 

a. -1 

b. 0 

c. 10 

d. 11 

13. Which of the following assigns the location of the comma in the 
amount variable to an i nt variable named 1 oc? 

a. loc = amount.contains(","); 

b. loc = amount.substr(" ; 

c. loc = amount . find(" , 0); 

d. none of the above 

14. Which of the following statements searches for the string “CA” in a 
stri ng variable named state and then assigns the result to an i nt 
variable named result? The search should begin with the character 
located in subscript 5 in the state variable. The state variable’s 
contents are uppercase. 








Review Questions 


a. result = find(state, 5, "CA"); 

b. result = state. find(5, "CA") ; 

c. result = state . find("CA" , 5); 

d. result = state. find("CA" , 5, 2); 

15. If the state variable contains the string “San Francisco, CA”, what 
will the correct statement in Question 14 assign to the result 
variable? 

a. -1 

b. 0 

c. 11 

d. 15 

16. Which of the following statements replaces with the string “AB” the 
two characters located in subscripts 4 and 5 in a stri ng variable 
named code? 


a. 

code.replace(2 , 

4, 

"AB"); 

b. 

code.replace(4, 

2, 

"AB"); 

c. 

code.replace(4, 

5, 

"AB"); 

d. 

replacefcode, 4, 

ii 

AB"); 


17. Which of the following statements assigns five asterisks (*) to a 
stri ng variable named di vi der? 

a. divider.assign(5, '*'); 

b. divider.assign(5, 

c. divider.assign ( , 5); 

d. assignfdivider, 5); 

18. Which of the following statements concatenates the contents of a 
stri ng variable named ci ty, a comma, a space, and the contents 
of a stri ng variable named state and then assigns the result to a 
string variable named cityState? 

a. cityState = "city" + ", " + "state"; 

b. cityState = city + ", " + state; 

c. ci tyState = city & ", " & state; 

d. cityState = "city, + state"; 
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19. Which of the following statements assigns the fifth character in the 
word variable to the 1 etter variable? 

a. letter = word.substr(4); 

b. letter = word.substr(4, 1); 

c. letter = word(5).substring; 

d. letter = substring(word, 5); 


20. Which of the following tells the computer to consume the next 100 
characters? 

a. ci n. ignore(lOO) ; 

b. ci n . i gnore(' 100') ; 

c. ignore(cin, 100); 

d. none of the above 


21. When processed, the_can consume the newline character. 

a. » operator 

b. « operator 

c. getl i ne function 

d. both a and c 


Exercises 



Pencil and Paper 


TRY THIS 

1 . 

Write a C++ statement that assigns the number of characters contained 
in the message variable to an i nt variable named numChars. (The 
answers to TRY THIS Exercises are located at the end of the chapter.) 

TRY THIS 

2. 

Write a C++ statement that uses the erase function to remove the 
first two characters from the message variable. (The answers to TRY 
THIS Exercises are located at the end of the chapter.) 

MODIFY THIS 

3. 

Rewrite the code from Pencil and Paper Exercise 2 using the repl ace 
function. 

INTRODUCTORY 

4. 

Write a C++ statement that replaces with the letter “B” the first char¬ 
acter in a stri ng variable named code. 

INTRODUCTORY 

5. 

Write a C++ statement that assigns the first four characters in a stri ng 
variable named address to a stri ng variable named streetNum. 

INTRODUCTORY 

6. 

The part variable contains the string “ABCD34G”. Write a C++ state¬ 
ment that assigns the 34 in the part variable to a stri ng variable 
named code. 
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7. Write a C++ statement to change the contents of the word variable INTRODUCTORY 

from “mend” to “amend”. 

8. Write a C++ statement to change the contents of the word variable INTRODUCTORY 

from “mouse” to “mouth”. 

9. The amount variable contains the string “3,123,560”. Write the C++ INTERMEDIATE 

code to remove the commas from the contents of the variable. 


10. Write the C++ code that uses the substr function to determine INTERMEDIATE 

whether the string stored in the rate variable ends with the percent 

sign. If it does, the code should use the repl ace function to remove 
the percent sign from the variable’s contents. 

11. Write the C++ code to determine whether the address variable con- INTERMEDIATE 
tains the street name “Grove Street”. Begin the search with the fifth 

character in the address variable and assign the result to an i nt 
variable named subNum variable. 


12. Write a C++ statement that searches for the period in a stri ng vari- INTERMEDIATE 
able named amount and then assigns the location of the period to an 
i nt variable named 1 ocati on. Begin the search with the first char¬ 
acter in the amount variable. 


13. The total and dol 1 ars variables are stri ng variables. Write the 
C++ code that uses the assi gn function to assign 10 asterisks to the 
total variable. The code then should concatenate the contents of the 
total variable and the contents of the dol 1 ars variable and then 
assign the resulting string to the total variable. 

14. A stri ng variable named amount contains a string that has zero or 
more commas. Write the C++ code to count the number of commas 
in the string. Assign the result to an i nt variable named numCommas. 


15. Correct the following statement, which should change the contents of 
the day variable from “731” to “7/31”: day = day. i nsert(2, 



Computer 


16. If necessary, create a new project named TryThisl6 Project. Enter 
the C++ instructions from Figure 13-22 into a source file named 
TryThisl6.cpp. Change the filename in the first comment to 
TryThisl6.cpp. Save and then run the program. Test the program 
using the data shown in Figure 13-23 in the chapter. Now, modify 
the program so the user enters the last name followed by a comma, a 
space, and the first name. The program should display the first name 
followed by a space and the last name. Be sure to modify the com¬ 
ments that document the program’s purpose. Save and then run the 
program. Test the program appropriately. (The answers to TRY THIS 
Exercises are located at the end of the chapter.) 


ADVANCED 


ADVANCED 


SWAT THE BUGS 


TRY THIS 
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TRY THIS 


MODIFY THIS 


MODIFY THIS 
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17. If necessary, create a new project named TryThisl7 Project. Also cre¬ 
ate a new source file named TryThisl7.cpp. The program should allow 
the user to enter a string that represents a date. The date should be 
entered in the following format: mm/yy. Verify that the user entered 
exactly five characters and that the third character is the slash char¬ 
acter (/). If the user did not enter the required number of characters, 
or if the third character is not a slash, display an appropriate mes¬ 
sage. Otherwise, the program should display the date in the following 
format: mm/20yy. Use a sentinel value to end the program. Save and 
then run the program. Test the program by entering the following 
dates: 6/08, 12/09, 05/10, and 123/4. (The answers to TRY THIS Exer¬ 
cises are located at the end of the chapter.) 

18. In this exercise, you modify the program from TRY THIS Exercise 17. 
If necessary, create a new project named ModifyThisl8 Project. Copy 
the instructions from the TryThisl7.cpp file into a source file named 
ModifyThisl8.cpp. Change the filename in the first comment to 
ModifyThisl8.cpp. Modify the program so that it allows the user to 
enter the date in the following format: mm/dd/yy. Verify that the user 
entered exactly eight characters and that the third and sixth charac¬ 
ters are slashes (/). If the user did not enter the required number of 
characters, or if the third and sixth characters are not slashes, display 
an appropriate message. Otherwise, the program should display the 
date in the following format: mm/dd/20yy. Save and then run the pro¬ 
gram. Test the program appropriately. 

19. In this exercise, you modify the annual income program from the 
chapter. If necessary, create a new project named ModifyThisl9 
Project. Enter the C++ instructions from Figure 13-26 into a new 
source file named ModifyThisl9.cpp. Change the filename in the first 
comment. Save and then run the program. Test the program using the 
data shown in Figure 13-27 in the chapter. Now, modify the program 
so that it verifies that the other characters in the annual income are 
numbers. Display an appropriate message if a non-numeric character 
is found; otherwise, display the annual income. Save and then run the 
program. Test the program appropriately. 

20. If necessary, create a new project named Introductory20 Project. Also 
create a new source file named Introductory20.cpp. Write a program 
that displays the appropriate shipping charge based on the ZIP code 
entered by the user. To be valid, the ZIP code must contain exactly 
five digits and the first three digits must be either “605” or “606”. The 
shipping charge for “605” ZIP codes is $25. The shipping charge for 
“606” ZIP codes is $30. Display an appropriate message if the ZIP 
code is invalid. Use a sentinel value to end the program. Save and then 
run the program. Test the program using the following ZIP codes: 
60677, 60511, 60344, and 7130. 

21. If necessary, create a new project named Introductory21 Project. Also 
create a new source file named Introductory21.cpp. Write a program 
that allows the user to enter three separate strings: a city name, state 
name, and ZIP code. The program should use string concatenation to 
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display the city name followed by a comma, a space, the state name, 
two spaces, and the ZIP code. Use a sentinel value to end the pro¬ 
gram. Save and then run the program. Test the program. 

22. If necessary, create a new project named Intermediate22 Project. Also INTERMEDIATE 
create a new source file named Intermediate22.cpp. Write a program 
that displays the color of the item whose item number is entered by 
the user. All item numbers contain exactly seven characters. All items 
are available in four colors: blue, green, red, and white. The fourth 
character in the item number indicates the item’s color, as follows: a B 
or b indicates Blue, a G or g indicates Green, an R or r indicates Red, 
and a W or w indicates White. If the item number does not contain 
exactly seven characters, or if the fourth character is not one of the 
valid color characters, the program should display an appropriate 
message. Use a sentinel value to end the program. Save and then run 
the program. Test the program using the following item numbers: 

123B567, 34AG123, lllr222, lllw222,123, 1234567, and 1111<456. 


23. In this exercise, you modify the Social Security number program from INTERMEDIATE 
the chapter. If necessary, create a new project named Intermediate23 

Project. Enter the instructions from Figure 13-32 into a source file 
named Intermediate23.cpp. Change the filename in the first com¬ 
ment. Before inserting the missing hyphens, verify that the nine char¬ 
acters entered by the user are numeric. Save and then run and test the 
program. 

24. If necessary, create a new project named Intermediate24 Project. Also INTERMEDIATE 
create a new source file named Intermediate24.cpp. Write a program 

that accepts a string of characters from the user. The program should 
display the characters in reverse order. In other words, if the user 
enters the string “Programming”, the program should display “gnim- 
margorP” Save and then run and test the program. 


25. If necessary, create a new project named Intermediate25 Project. INTERMEDIATE 

Also create a new source file named Intermediate25.cpp. Write a 
program that allows the user to enter a part number that consists of 
four or five characters. The second and third characters represent the 
delivery method, as follows: “MS” represents “Mail - Standard”, “MP” 
represents “Mail - Priority” “FS” represents “FedEx - Standard” “FO” 
represents “FedEx - Overnight”, and “UP” represents “UPS”. Display 
an appropriate message when the part number does not contain either 
four or five characters. Also display an appropriate message when the 
second and third characters are not one of the delivery methods. If the 
part number is valid, the program should display the delivery method. 

Use a sentinel value to end the program. Save and then run the pro¬ 
gram. Test the program using the following part numbers: 7MP6, 3fs5, 

2UP7, 7mS89, 9F08, 9fo89, 8ko89, and 1234MS. 
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In this exercise, you modify the program from Lab 13-2. If necessary, 
create a new project named Intermediate26 Project. Also create a new 
source file named Intermediate26.cpp. Copy the C++ instructions 
from the Labl3-2.cpp file into the Intermediate26.cpp file. Change 
the filename in the first comment. Modify the program so that 
it displays a message indicating the number of incorrect guesses 
remaining. Display the message each time the user enters an incorrect 
guess. 

If necessary, create a new project named Advanced27 Project. Also 
create a new source file named Advanced27.cpp. Write a program 
that determines whether the user entered an item number in the 
required format: three digits, a hyphen, and two digits. Display an 
appropriate message indicating whether the format is correct. Use a 
sentinel value to end the program. Save and then run the program. 

Follow the instructions for starting C++ and opening the 
Advanced28.cpp file. The file is contained in either the Cpp6\ 
Chapl3\Advanced28 Project folder or the Cpp6\Chapl3 folder. The 
program assigns the letters of the alphabet to a stri ng variable 
named 1 etters. It also prompts the user to enter a letter. Complete 
the program by entering instructions to perform the tasks listed 
in Figure 13-47. Save and then run the program. Test the program 
appropriately. 


1. Generate a random number that can be used to select one of the letters 
from the 1 etters variable. Assign the letter to the randomLetter variable. 

2. Verify that the user entered exactly one letter. If the user did not enter 
exactly one letter, display an appropriate error message. 

3. If the user entered exactly one letter, compare the letter to the random 
letter. If the letter entered by the user is the same as the random letter, 
display the message “You guessed the correct letter." and then end the 
program. Otherwise, display messages indicating whether the correct letter 
comes before or after the letter entered by the user. 

4. Allow the user to enter a letter until he or she guesses the random letter. 


Figure 13-47 

ADVANCED 29. In this exercise, you modify the program from ADVANCED Exercise 

28. If necessary, create a new project named Advanced29 Project. 
Also create a new source file named Advanced29.cpp. Copy the C++ 
instructions from the Advanced28.cpp file into the Advanced29.cpp 
file. Research the C++ compare function. Modify the program to use 
the compare function. Save and then run the program. Test the pro¬ 
gram appropriately. 

ADVANCED 30. In this exercise, you modify the program from Lab 13-2. If necessary, 

create a new project named Advanced30 Project. Also create a new 
source file named Advanced30.cpp. Copy the C++ instructions from 
the Labl3-2.cpp file into the Advanced30.cpp file. Change the file¬ 
name in the first comment. Modify the program so that it keeps track 
of the letters guessed by the user. If the user enters a letter that he or 
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ADVANCED 


27. 


ADVANCED 


28. 
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she has already entered, display an appropriate message and do not 
include the letter in the number of incorrect guesses. Save and then 
run the program. Test the program appropriately. 

31. In this exercise, you modify the program from ADVANCED Exer¬ 
cise 30. If necessary, create a new project named Advanced31 Proj¬ 
ect. Also create a new source file named Advanced31.cpp. Copy the 
instructions from the Advanced30.cpp file into the Advanced31.cpp 
file. Change the filename in the first comment. Modify the program 
so that it displays the letters already entered by the user. Display the 
letters immediately before prompting the user to enter a letter. Save 
and then run the program. Test the program appropriately. 

32. If necessary, create a new project named Advanced32 Project. Also ADVANCED 

create a new source file named Advanced32.cpp. Create a program 

that allows the user to enter a word. The program should display 
the word in pig latin form. The rules for converting a word into pig 
latin form are listed in Figure 13-48. Use a sentinel value to end the 
program. 


1. When the word begins with a vowel (A, E, I, 0, or U), add the string “-way” 

(a dash followed by the letters w, a, and y) to the end of the word. For 
example, the pig latin form of the word “ant” is “ant-way”. 

2. When the word does not begin with a vowel, first add a dash to the end of 
the word. Then continue moving the first character in the word to the end 
of the word until the first character is the letter A, E, I, 0, U, or Y. Then add 
the string “ay” to the end of the word. For example, the pig latin form of the 
word “Chair” is “air-Chay”. 

3. When the word does not contain the letter A, E, I, 0, U, or Y, add the string 
“-way” to the end of the word. For example, the pig latin form of “56” is 
“56-way”. 


Figure 13-48 

33. Some credit card companies assign a special digit, called a check digit, ADVANCED 
to the end of each customer’s credit card number. Many methods 
for creating the check digit have been developed. One very simple 
method is to append the second digit in the credit card number to 
the end of the number. For example, if the first four characters in 
the credit card number are 1357, you would append the number 3 
to the end of the number, making the credit card number 13573. If 
necessary, create a new project named Advanced33 Project. Also cre¬ 
ate a new source file named Advanced33.cpp. Write a program that 
prompts the user to enter a five-digit credit card number, with the 
fifth digit being the check digit. Verify that the user entered exactly 
five numbers. If the user entered the required number of characters, 
verify that the last character is the check digit. Display appropri¬ 
ate messages indicating whether the credit card number is valid or 
invalid. Use a sentinel value to end the program. Save and then run 
the program. Test the program appropriately. 


ADVANCED 
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ADVANCED 34. If necessary, create a new project named Advanced34 Project. Also 

create a new source file named Advanced34.cpp. Create a program 
that allows the user to enter a password. The program then should cre¬ 
ate and display a new password using the rules listed in Figure 13-49. 
Use a sentinel value to end the program. 


1. All vowels (A, E, I, 0, and U) in the original password should be replaced with 
the letter X. 

2. All numbers in the original password should be replaced with the letter Z. 

3. All of the characters in the original password should be reversed. 


Figure 13-49 

SWAT THE BUGS 35. Follow the instructions for starting C++ and opening the SwatThe- 

Bugs35.cpp file. The file is contained in either the Cpp6\Chapl3\ 
SwatTheBugs35 Project folder or the Cpp6\Chapl3 folder. Debug the 
program. 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. numChars = message. lengthQ ; 


2. message.erase(0, 2); 



Computer 


16. See Figure 13-50. 


1 //TryThisl6.cpp 

2 //Displays the first name followed by a space 

3 //and the last name 

4 //Created/revised by <your names on <current date> 

5 

6 #include <iostream> 

7 #include <string> 

8 using namespace std; 

9 

10 int mainO 

11 { 

12 //declare variables 

13 string firstLast = 

14 string first = 

15 string last = 

16 int commaLocation = 0; 

17 

18 //get first and last name 

19 cout « "Name (last, comma, space, first): 

20 getline(cin, firstLast); 


Figure 13-50 (continues) 
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(continued) 


21 

//locate comma, then pull out first and 

22 

//last names 

23 

commaLocation = firstLast .find(" , ", 0); 

24 

last = firstLast.substr(0, commaLocation); 

25 

first = firstLast.substr(commaLocation + 2); 

26 


27 

//display rearranged name 

28 

cout « first « " " « last « end!; 

29 


30 

system("pause"); 

31 

return 0; 

32 } 

//end of main function 


Figure 13-50 


17. See Figure 13-51. 


1 

//TryThisl7.cpp 


2 

//Displays a date using the format mm/20yy 


3 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

#include <string> 


6 

7 

using namespace std; 


8 

int 

mai n O 


9 

{ 



10 


string date = 


11 




12 


cout « "Enter date (mm/yy). Enter -1 to end 

ii , 

» 

13 


getline(cin, date); 


14 




15 


while (date != "-1") 


16 


{ 


17 


if (date.1ength() != 5) 


18 


cout « "Invalid length" « endl « 

endl; 

19 


el se 


20 


if (date.substr(2, 1) != "/") 


21 


cout « "Invalid third character" 

22 


« endl « endl ; 


23 


el se 


24 


{ 


25 


date.insert(3, "20"); 


26 


cout « date « endl « endl ; 


27 


} //end if 


28 


//end if 


29 




30 


cout « "Enter date (mm/yy). Enter -1 to 

end. "; 

31 


getline(cin, date); 


32 


} //end while 


33 




34 


system("pause") ; 


35 


return 0; 


36 

} 

//end of main function 
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After studying Chapter 14, you should be able to: 

Create file objects 

Open a sequential access file 

Determine whether a sequential access file was opened successfully 

Write data to a sequential access file 

Read data from a sequential access file 

Test for the end of a sequential access file 

Close a sequential access file 




The CD Collection Program 


File Types 

In addition to getting data from the keyboard and sending data to the com¬ 
puter screen, a program also can get data from and send data to a file on a 
disk. Getting data from a file is referred to as “reading the file,” and sending 
data to a file is referred to as “writing to the file.” Files to which data is writ¬ 
ten are called output files, because the files store the output produced by a 
program. Files that are read by the computer are called input files, because 
a program uses the data in the files as input. Most input and output files are 
composed of lines of text that are both read and written sequentially. In other 
words, they are read and written in consecutive order, one line at a time, 
beginning with the first line in the file and ending with the last line in the file. 
Such files are referred to as sequential access files, because of the manner 
in which the lines of text are accessed. They also are referred to as text files, 
because they store text. Examples of text stored in sequential access files 
include an employee list, a memo, and a sales report. 

You also can create random access and binary access files in C++. The data 
stored in a random access file can be accessed in either consecutive or ran¬ 
dom order. The data in a binary access file can be accessed by its byte loca¬ 
tion in the file. Random access and binary access files are used less often in 
programs and, therefore, are not covered in this book. 

The CD Collection Program 

The CD (compact disc) collection program, which you code in this chapter, 
will use a sequential access file to store the names of CDs along with the 
names of the artists. Figure 14-1 shows the program’s problem specification 
and IPO charts. In addition to the mai n function, the CD collection program 
will use two void functions named saveCd and di spl ayCds. The saveCd 
function will get both the CD’s name and the artist’s name from the user at 
the keyboard. It then will save the user’s entries in a sequential access file. 

The di spl ayCds function will display the contents of the sequential access 
file on the computer screen. You will learn how to code this program in the 
remainder of the chapter. 



Problem specification 

Create a program that keeps track of a CD (compact disc) collection. The program should 
display a menu containing the following three options: 

1 Enter CD information 

2 Display CD information 

3 End the program 

If the user selects option 1, the program should call a function that prompts the user to 
enter the CD’s name and the artist’s name and then saves the user’s entries in a sequential 
access file named cds.txt. If the user selects option 2, the program should call a function 
that displays the contents of the cds.txt file on the screen. The program should end only 
when the user selects option 3. If the cds.txt file cannot be opened, the program should 
display the “File could not be opened.” message. 


Figure 14-1 Problem specification and IPO charts for the CD collection program (continues) 
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(continued) 


main function 

Input Processing 

menu optlow Processing items: none 

Algorithm: 

repeat 

display menu 
get menu option 
if (menu option is l) 

call the savecd function 
else 

if (menu option is 2) 

call the dlsplaycds function 
end if 
end if 

end repeat while (menu option is not 3) 


Output 

none 


saveCd function 

Input Processing 

Cti name Processing items: none 

artist name 


Output 

cds.txt file 
(seywewtlal access) 


Algorithm: 


1. 

2. 


open the cds.txt file for append 
if (the cds.txt file was opened su.ccessfu.lly) 
ewterthe cii name 

repeat while (the C-n name is not "-1") 
ewterthe artist name 

write the C-F> name and artist name to the cds.txt file 
get awother ci> name 
end repeat 
close the cds.txt file 
else 

display the "File could wot be opewed" message 
end if 


displavCds function 

Input Processing Output 

cds.txt file Processing items: none CP name 

(seqwewtlal access) artlstwame 


Algorithm.: 

1. opew the cds.txt file for lwpu.t 

2. If (the cds.txt file was opewed sa.ccessfu.lly) 

read the ci> rame and artist name from, the cds.txt file 
repeatwhlle (It's wot the end of the cds.txt file) 
display the name and artist name 
read the cis name and artist name from, the cds.txt file 
end repeat 
close the cds.txt file 
else 

display the "File could wot be opewed" message 
end if 


Figure 14-1 Problem specification and IPO charts for the CD collection program 
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Creating File Objects 

In previous chapters, you used stream objects to perform standard input 
and output operations in a program. The standard input stream object (ci n) 
refers to the computer keyboard, and the standard output stream object 
(cout) refers to the computer screen. As you already know, a program that 
uses the ci n and cout objects must contain the #i ncl ude <i ostream> 
directive, which tells the compiler to include the contents of the iostream file 
in the program. The iostream file contains the definitions of the i stream 
and ostream classes from which the ci n and cout objects, respectively, are 
created. You do not have to create the ci n and cout objects in a program, 
because C++ creates the objects in the iostream file for you. Objects also are 
used to perform file input and output operations in C++. However, unlike 
the standard ci n and cout objects, the input and output file objects must be 
created by the programmer. To create a file object in a program, the program 
must contain the #i ncl ude <fstream> directive, which tells the compiler 
to include the contents of the fstream file in the program. The fstream file 
contains the definitions of the i fstream (input file stream) and of stream 
(output file stream) classes, which allow you to create input and output 
file objects, respectively. Figure 14-2 shows the syntax for creating input 
file objects and the syntax for creating output file objects. In each syntax, 
is the name of the file object you want to create. Figure 14-2 also 
includes examples of creating file objects. The statements in Examples 1 and 
2 create input file objects named i nFi 1 e and i nEmpl oy. The statements in 
Examples 3 and 4 create output file objects named outFi 1 e and outSal es. 
Notice that the names of the input file objects in the examples begin with the 
two letters i n, whereas the names of the output file objects begin with the 
three letters out. Although the C++ syntax does not require you to begin file 
object names with either i n or out, using this naming convention helps to 
distinguish a program’s input file objects from its output file objects. 



All objects in 
C++ are created 
^ from a class and 
are referred to as 
an instance of 
the class. For example, a 
ci n object is an instance 
of the i stream class, 
whereas an input file 
object is an instance of 
the i fstream class. 



HOW TO Create Input and Output File Objects 
Syntax 

To create an input file object: ifstream ; notice the 

To create an output file object: ofstream ; - semicolon 

Example 1 

ifstream inFile; 

creates an input file object named i nFi 1 e 
Example 2 

ifstream inEmploy; 

creates an input file object named i nEmpl oy 

Example 3 

ofstream outFi1e; 

creates an output file object named outFi 1 e 
Example 4 

ofstream outSales; 

creates an output file object named outSales 
Figure 14-2 Flow to create input and output file objects 
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The open func¬ 
tion is defined in 
s the ifstream 
and ofstream 
classes and is 
referred to as a class 
member function. 



In most cases, 
the program file 
s refers to the .exe 
file. However, 
when running a 
program from the Micro¬ 
soft Visual C++ IDE, the 
program file refers to 
the .cpp file. 


Opening a Sequential Access File 

You use a program’s input and output file objects, along with the C++ open 
function, to open actual files on your computer’s disk. Figure 14-3 shows 
the open function’s syntax and describes the modes most commonly used 
to open a sequential access file. In the syntax, is the name of 

either an existing i fstream file object or an existing ofstream file object, 
and is the name of the file you want to open. Although it is not a 

requirement, many programmers use “txt” (short for “text”) as the filename 
extension when naming sequential access files. The open function opens the 
file whose name is specified in the argument and associates the 

file with the . When a subsequent statement in the program needs 

to refer to the file, it does so using the name of the rather than 

the itself. The open function’s argument can be either a 

string literal constant orastring variable. In addition to the file’s name, the 
argument also can contain an optional path. If the argu¬ 

ment does not contain a path, the computer assumes that the file is located 
in the same folder as the program file. (See the second TIP on this page.) The 
optional argument in the syntax indicates how the file is to be opened. 
As Figure 14-3 indicates, you use the i os : : i n mode to open a file for input, 
which allows the computer to read the data stored in the file. The i os : : out 
and i os : : app modes are used to open output files. Both of these modes 
allow the computer to write data to the file. You use the i os : : app (app 
stands for ) mode when you want to add data to the end of an existing 

file. If the file does not exist, the computer creates the file for you. You use 
the i os : : out mode to open a new, empty file for output. If the file already 
exists, the computer erases the contents of the file before writing any data to 
it. The two colons (: :) in each mode are called the scope resolution operator 
and indicate that the keywords i n, out, and app are defined in the i os class. 
Also included in Figure 14-3 are examples of statements that open sequential 
access files. You can use either of the statements in Example 1 to open the 
payroll.txt file for input. Because the argument in both statements 

does not contain a path, the computer will look for the payroll.txt file in the 
same location as the program file. Notice that the argument is omitted 
in the second statement in Example 1. Because all files associated with an 
i f stream file object are opened automatically for input, it is not necessary 
to specify i os : : i n when opening an input file. Unlike files associated with 
an i fstream object, files associated with an ofstream object are opened 
automatically for output. In other words, i os : : out is the default mode 
when opening output files. This explains why you can use either of the state¬ 
ments in Example 2 to open the employ.txt file for output. Here too, because 
the argument in both statements does not contain a path, the 

computer will look for the files in the same location as the program file. In 
cases for which the program needs to add data to the end of the existing data 
stored in an output file, you need to specify the i os : : app mode in the open 
function, as shown in Example 3. In this case, the outSal es . open ("F: \ 
Cpp6\Chapl4\sal es . txt" , i os : : app) ; statement tells the computer 
to open the sales.txt file, which is located in the Cpp6\Chapl4 folder on the F 
drive, for append. 
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HOW TO Open a Sequential Access File 
Syntax 

fileObject.open(fileName[, mode]); 


mode Description 

i os:: i n Used with an if stream object. Opens the file for input, which 
allows the computer to read the file’s contents. This is the 
default mode for input files. 

ios: :out Used with an of stream object. Opens the file for output, 

which creates a new, empty file to which data can be written. If 
the file already exists, the computer erases the file’s contents 
before the new data is written to it. This is the default mode for 
output files. 

ios:: app Used with an of stream object. Opens the file for append, 

which allows the computer to write new data to the end of the 
existing data in the file. If the file does not exist, the computer 
creates the file before writing any data to it. 

Example 1 

inFi1e.open("payrol1.txt", ios::in); 

or 

inFile.open("payron.txt"); 

opens the payroll.txt file for input 


Example 2 

outFi1e.open("employ.txt", ios::out); 

or 

outFile.open("employ.txt"); 

opens the employ.txt file for output 


Example 3 

outSales.open("F:\Cpp6\Chapl4\sales.txt", ios::app); 

opens the sales.txt file for append 



Figure 14-3 Flow to open a sequential access file 


The computer uses a file pointer to keep track of the next character either 
to read from or write to a file. When you open a file for input, the computer 
positions the file pointer at the beginning of the file, immediately before the 
first character. When you open a file for output, the computer also posi¬ 
tions the file pointer at the beginning of the file, but recall that the file is 
empty. (As you learned earlier, when you open a file for output, the computer 
either creates a new, empty file or erases the contents of an existing file.) 
However, when you open a file for append, the computer positions the file 
pointer immediately after the last character in the file. Figure 14-4 illustrates 
the position of the file pointer when files are opened for input, output, and 
append. 
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file pointer is file pointer is 

positioned here positioned here 




positioned here 


Figure 14-4 Position of the file pointer when files are opened for input, output, and append 


The answers to 
Mini-Quiz ques- 
= tions are located 
in Appendix A. 


Mini-Quiz 14-1 

1. To create an input file in a program, the program must contain the 
_directive. 

a. #include <filestream> 

b. #include <fstream> 

c. #include <instream> 

d. #include <iofilestream> 


2. Which mode tells the computer to open a file for input? 


a. 

add: 

: ios 

b. 

in:: 

fil e 

c. 

i os: 

:app 

d. 

ios: 

: i n 


3. Write the C++ statement to create an output file object named 

outAl bums. 
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4. Which of the following statements uses the outAl bums file object 
from Question 3 to open an output file named mine.txt? New 
information should be written following the existing information in 
the file. 


a. 

outAlbums.open("mine.txt", 

ios 

:in); 

b. 

outAlbums.open("mine.txt", 

ios 

: out); 

c. 

outAlbums.open("mine.txt", 

ios 

: app); 

d. 

outAlbums.open("mine.txt", 

ios 

:add); 



Determining Whether a File Was Opened Successfully 

Keep in mind that it is possible for the open function to fail when attempt¬ 
ing to open a file. For example, the open function will not be able to create 
an output file when either the path specified in the argument does 

not exist or the disk is full. It also will not be able to open an input file that 
does not exist or one that you don’t have permission to open. After using 
the open function to open a file, you should use the i s_open function to 
determine whether the file was opened successfully. The is_open function 
returns the Boolean value true if the open function was able to open the file; 
otherwise, it returns the Boolean value false. Figure 14-5 shows the i s_open 
function’s syntax. In the syntax, is the name of an existing file 

object in the program. Most times, you will use the i s_open function in an 
i f statement’s condition, as shown in the examples in Figure 14-5. (For clar¬ 
ity, an appropriate open function is included in each example.) You can use 
either of the conditions shown in Example 1 to determine whether the open 
function was able to open the file associated with the i nFi 1 e object. The 
first condition in Example 1, i nFi 1 e. i s_open () == true, compares the 
i s_open function’s return value to the Boolean value true. If the condition 
evaluates to true, it means that the open function was successful in opening 
the file. If the condition evaluates to false, it means that the open function 
was not able to open the file. As the second condition in Example 1 shows, 
you can omit the == true text from the condition and use inFile.is_ 
open () instead. Unlike the conditions in Example 1, the conditions in Exam¬ 
ple 2 determine whether the open function failed to open the file associated 
with the outFi 1 e object. The outFi 1 e. i s_open () == fal se condition 
compares the i s_open function’s return value to the Boolean value false. In 
this case, you can omit the == fal se text by preceding the condition with 
an exclamation point (!), as shown in the second condition in Example 2. The 
! is the Not logical operator in C++, and its purpose is to reverse the truth- 
value of the condition. In other words, if the value of outFi 1 e. i s_open () 
is true, then the value of ! outFi 1 e. i s_open () is false. Likewise, if the 
value of outFi 1 e. i s_open () is false, then the value of ! outFi 1 e . i s_ 
open() is true. 


Theis_open 
function is a 
s class member 
function in the 
ifstream and 
ofstream classes. 
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HOW TO Determine the Success of the open Function 
Syntax 

.is_open() 


590 


Example 2 

outFile.open("emp1oy.txt"); 

if (outFile.is_open() == false) 

or 

if (!outFile.is_open()) 

determines whether the open function failed to open the file associated with 

the outFile object 

Figure 14-5 Flow to determine the success of the open function 

Writing Data to a Sequential Access File 

Figure 14-6 shows the syntax for writing data to a sequential access file in 
C++. In the syntax, is the name of an existing of stream object in 

the program, and is the information you want written to the file. The 
figure also includes examples of using the syntax. The statement in Example 1 
writes the string “XYZ Corporation” to the file associated with the outFi 1 e 
object and then advances the file pointer to the next line in the file. The first 
statement in Example 2 writes the string “Gross pay: ” to the file associated 
with the outFi 1 e object, but it leaves the file pointer after the last charac¬ 
ter written—in this case, after the space character. The second statement 
in Example 2 writes the contents of the gross variable to the file and then 
advances the file pointer to the next line in the file. If the gross variable 
contains the number 450, the statements in Example 2 write “Gross pay: 450” 
(without the quotes) to the file before advancing the file pointer. In many pro¬ 
grams, a sequential access file is used to store fields and records. A field is a 
single item of information about a person, place, or thing—such as a name, a 
salary, a Social Security number, or a price. A record is a collection of one or 
more related fields that contain all of the necessary data about a specific per¬ 
son, place, or thing. The college you are attending keeps a student record on 
you. Examples of fields contained in your student record include your Social 
Security number, name, address, phone number, credits earned, and grades 
earned. The place where you are employed also keeps a record on you. Your 
employee record contains your Social Security number, name, address, phone 
number, starting date, salary or hourly wage, and so on. To distinguish one 


Fields and 
records are like 
s columns and 
rows, respec¬ 
tively, in a table. 


Example 1 

inFile.open("payroll.txt"); 

if (inFile.is_open() == true) 

or 

if (inFile.is_open()) 

determines whether the open function succeeded in opening the file 
associated with the i nFi 1 e object 
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record from another in a sequential access file, programmers typically write 
each record on a separate line in the file. You do this by including the endl 
stream manipulator at the end of the statement that writes the record. The 
outSales « custName « endl ; statement in Example 3, for instance, 
writes a record that contains one field (the name stored in the custName 
variable) to the file associated with the outSal es object. The endl stream 
manipulator writes a newline character at the end of the record. As you 
learned in Chapter 4, the newline character represents the Enter key. In this 
case, the newline character advances the file pointer to the next line in the 
file. When writing a record that contains more than one field, programmers 
typically separate each field with a character literal constant. The character 
literal constant' #', which is the number sign enclosed in single quotation 
marks, is commonly used as the separator character. The ' #' character 
appears in the outEmploy « name « '#' « salary « endl; 
statement in Example 4. The statement writes a record that contains two 
fields: the name stored in the name variable and the salary amount stored in 
the sal ary variable. The statement writes the record on a separate line in the 
file, with the number sign separating the data in the name field from the data 
in the sal ary field. 




HOW TO Write Data to a Sequential Access File 
Syntax 

fleObject« data; 


Example 1 

outFile « "XYZ Corporation" « endl; 

writes the string “XYZ Corporation” to the file associated with the outFi le 

object and then advances the file pointer to the next line in the file 

Example 2 

outFile « "Gross pay: 
outFile « gross « endl; 

writes the string “Gross pay: ” and the contents of the gross variable to the 
file associated with the outFi 1 e object and then advances the file pointer to 
the next line in the file 

Example 3 

outSales « custName « endl; 

writes the contents of the custName variable to the file associated with the 
outSal es object and then advances the file pointer to the next line in the file 

Example 4 

outEmploy « name « '#' « salary « endl; 
writes the contents of the name variable, the number sign (#), and the 
contents of the salary variable to the file associated with the outEmploy 
object and then advances the file pointer to the next line in the file 


Figure 14-6 How to write data to a sequential access file 
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You can use 
Notepad to 

= create a text file. 
However, when 
saving the file, be 
sure to enclose the file¬ 
name in quotation marks, 
like this: "employees.txt". 
You also can use Note¬ 
pad to create a .cpp file, 
as long as you enclose 
the filename in quotation 
marks. 


You can verify that the information was written correctly to a sequential 
access file by opening the file in a text editor, such as the text editor in Visual 
C++, Dev-C++, or Notepad. The instructions for opening a sequential access 
file depend on the text editor you are using. However, in most cases, you 
click File on the text editor’s menu bar. If you are using either Microsoft 
Visual C++ or Dev-C++, you then display the Open File dialog box by point¬ 
ing to Open and then clicking File (Visual C++) or by clicking Open Project 
or File (Dev-C++). If you are using Notepad, you display the Open dialog box 
by clicking Open on the File menu. Next, you click the name of the appropri¬ 
ate file in the Open File (or Open) dialog box and then click the Open but¬ 
ton. Figure 14-7 shows a sequential access file named employees.txt opened 
in a text editor. Because the newline character is invisible, you will not see it 
when you open a sequential access file. 


employees.txt X 


Halton#Henry 
Clarke#Jeremy 
Lewin#Chrisy 
Moraine#Polly 


Figure 14-7 The employees.txt sequential access file 
opened in a text editor 


Reading Information from a Sequential 
Access File 

Figure 14-8 shows the syntax for reading numeric and char data from a 
sequential access file in C++, as well as the syntax for reading stri ng data. 
The figure also includes examples of using each syntax. In each syntax, 
fileObject is the name of an existing i f stream object in the program. The 
variableName and stringVariableName arguments represent the name of 
the variable that will store the information read from the file. As Figure 14-8 
indicates, you use the extraction operator (») to read char and numeric 
data from a file. The i nFi 1 e » years ; and i nFi 1 e » salary; state¬ 
ments in Example 1, for instance, read numbers from the file associated 
with the i nFi 1 e object and store the numbers in the years and sal ary 
variables. The i nAl phabet » 1 etter ; statement in Example 2 reads a 
character from the file associated with the i nAl phabet object and stores 
the character in the 1 etter variable. To read stri ng data from a sequen¬ 
tial access file, you use the getl i ne function, which you learned about in 
Chapter 13. The getl i ne function will continue to read characters from 
the file associated with the fileObject until it encounters the delimiterChar- 
acter, which it consumes. Recall that when a function consumes a character, 
it means that the function reads and discards the character. If you omit the 
delimiterCharacter argument in the getl i ne function, the default delimiter 
character is the newline character. The getl i ne(i nEmploy, name) ; state¬ 
ment in Example 3 uses the getl i ne function to read a string from the file 











Reading Information from a Sequential Access File 


associated with the i nEmpl oy object. Because the getl i ne function does 
not specify a delimiterCharacter, the function stops reading when it encoun¬ 
ters the newline character. The function stores the string in the name vari¬ 
able and then consumes the newline character. The getl ine(in Em ploy, 
name , ' #') ; statement in Example 4 also reads a string from the file asso¬ 
ciated with the i nEmpl oy object. In this case, however, the getl i ne func¬ 
tion’s delimiterCharacter argument indicates that the string ends with the 
character immediately preceding the # character. After storing the string in 
the name variable, the getl i ne function consumes the # character. The next 
statement in the example, i nEmpl oy » sal ary ;, reads a number from 
the file and stores the number in the sal ary variable. 




HOW TO Read Data from a Sequential Access File 
Syntax 

To read numeric and char data: fileObject» variableName ; 

To read string data: getline(fi/eOb/ect, stringVariableNamel, delimiterCharacter ]); 

Example 1 
int years = 0; 
double salary = 0.0; 
inFile » years; 
inFi1e.ignore(l); 
inFile » salary; 

reads a number from the file associated with the i nFi 1 e object and stores the 
number in the years variable, then ignores (consumes) one character, and then 
reads the next number and stores it in the salary variable 

Example 2 

char 1etter = ' ' ; 
inAlphabet » letter; 

reads a character from the file associated with the inAlphabet object and stores 
the character in the letter variable 

Example 3 
string name = 
getline(inEmploy, name); 

reads a string from the file associated with the i nEmpl oy object and stores the 
string in the name variable 

Example 4 
string name = 
double salary = 0.0; 
getline(inEmploy, name, '#'); 
inEmploy » salary; 

reads a string from the file associated with the i nEmpl oy object and stores the 
string in the name variable, then consumes the # character, and then reads a 
number from the file and stores the number in the sal ary variable 


Figure 14-8 Flow to read data from a sequential access file 











CHAPTER 14 


Sequential Access Files 



The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 

2. Which of the following statements writes the contents of the 
quantity variable to the inventory.txt file, which is associated with a 
file object named outlnv? 

a. inventory.txt « quantity « endl; 

b. ofstream « quantity « endl; 

c. outlnv « quantity « endl; 

d. outlnv » quantity » endl; 

3. Which of the following statements writes a record to the test.txt file? 
The file is associated with a file object named outFi 1 e. The record 
contains two scores, which are stored in the scorel and score2 
variables. 

a. test.txt « scorel « score2 « endl; 

b. ofstream « scorel « '#' « score2 « endl; 

c. outFile « scorel « score2 « endl; 

d. outFile « scorel « '#' « score2 « endl; 

4. Which of the following statements reads a record written by the state¬ 
ment from Question 2 and stores the record in the number variable? 
The inventory.txt file is associated with a file object named i nlnv. 

a. if stream » number; 

b. inventory.txt » number; 

c. inlnv « number; 

d. inlnv » number; 


Mini-Quiz 14-2 

1. What value does the i s_open function return when the open 
function fails? 


Testing for the End of a Sequential Access File 

As you learned earlier, the computer uses a file pointer to keep track of the 
next character either to read from a file or write to a file. When a sequen¬ 
tial access file is opened for input, the computer positions the file pointer 
before the first character in the file. Each time a character is read from the 
file, the file pointer is moved to the next character. When an entire line 
from the file is read, the computer moves the file pointer to the beginning 
of the next line in the file. Most times, a program will need to read each 
line contained in a sequential access file, one line at a time, beginning with 
the first line and ending with the last line. You can accomplish this task 










Closing a Sequential Access File 


using a loop along with the eof (end of file) function. The eof function 
determines whether the last character in a file has been read. In other 
words, it determines whether the file pointer is located after the last char¬ 
acter in the file. If the file pointer is located at the end of the file, the eof 
function returns the Boolean value true; otherwise, it returns the Boolean 
value false. Figure 14-9 shows the function’s syntax and includes examples 
of using the function. In the syntax, is the name of an existing 

i fstream object in the program. The condition in the whi 1 e clause in 
Example 1 tells the computer to repeat the loop instructions as long as the 
end of the file has not been reached. You also can write the condition using 
the Not logical operator (!), as shown in Example 2. 


The eof function 
is a class mem¬ 
ber function in 
the i fstream 
class. 




HOW TO Test for the End of a Sequential Access File 
Syntax 

,eof() 


Example 1 

while (inFi1e.eof() == false) 

tells the computer to repeat the loop instructions as long as (or while) the 
end of the file associated with the i nFi 1 e object has not been reached 

Example 2 

while (!inFi1e.eof()) 

same as Example 1 


Figure 14-9 How to test for the end of a sequential access file 


Closing a Sequential Access File 

To prevent the loss of data, you should use the close function to close 
a sequential access file as soon as the program is finished using it. The 
function’s syntax is shown in Figure 14-10 along with examples of using 
the function. In the syntax, is the name of either an existing 

i fstream object or an existing of stream object in the program. Notice 
that the cl ose function does not require the name of the file you want 
to close. This is because the computer automatically closes the file whose 
name is associated with the . (Recall that the open function asso¬ 
ciates the file’s name with the when the file is opened.) The cl ose 

function in Example 1 closes the input file associated with the i nFi 1 e 
object. The cl ose function in Example 2 closes the output file associated 
with the outFi 1 e object. Because it is so easy to forget to close the files 
used in a program, you should enter the statement to close the file as soon 
as possible after entering the one that opens it. 


The close 
function is a 
= class member 
function in the 
ifstream and 
ofstream classes. 









CHAPTER 14 


Sequential Access Files 




HOW TO Close a Sequential Access File 
Syntax 

fileObject. closed 


Example 1 
inFile.closeO 

closes the file associated with the in File object 

Example 2 
outFile.closeO 

closes the file associated with the outFile object 


Figure 14-10 Flow to close a sequential access file 


Coding the CD Collection Program 

Figure 14-11 shows the IPO chart information and C++ instructions for the 
CD collection program. 


function 

IPO chart information 

Input 

C++ instructions 

V\A.ti A.U. Option 

Processing 

\AO\At 

Output 

VbOVbt 

int menuOption = 0; 

Algorithm 

repent 

do 

{ 

dtsplny v\a.&\a,u 

cout « endl; 

cout « "1 Enter CD information" 

« endl; 

cout « "2 Display CD information" 
« endl; 

cout « "3 End the program" « endl; 

get v\a&viu option 

cout « "Enter menu option: 
cin » menuOption; 
cin.ignore(100, '\n'); 
cout « endl; 


Figure 14-11 IPO chart information and C++ instructions for the CD collection program (continues) 
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(continued) 


if (kueww. optlow is 1 ) 

if (menuOption == 1) 

call the savecd fixwctlow 

saveCd(); 

else 

el se 

if (rwewu. option is 2 ) 

if (menuOption == 2) 

call the display cds fu.wc.tlow 

displayCds(); 

6 lA yd if 

//end if 

ewd if 

//end if 

ewd repeat while (wiewu. optlow Is wot 3) 

} while (menuOption != 3); 

saveCd function 

IPO chart information 

C++ instructions 

Input 

cis wa kwe 

stri ng cdName = ; 

artist warwe 

string artistName 

Processing 

wo we 

Output 

ods.txtflle (sequential access) 

ofstream outFile; 

Algorithm 

1 . opew the cds.txt -file for appewd 

outFi1e.open("cds.txt", ios::app); 

2 . If (the cds.txt file was opewed 

if (outFi1e.is_open()) 

successfully) 

{ 

ewterthe d> wawte 

cout « "CD name (-1 to stop): 

repeat while (the ct> warwe 

getline(cin, cdName); 
while (cdName != "-1") 

Is, \ADt "-1") 

f 

ewterthe artist warwe 

cout « "Artist's name: 

write the ct> wawte awd artist 

getline(cin, artistName); 
outFile « cdName « '#' 

warwe to the cds.txt file 

« artistName « endl ; 

get awother CD wawte 

cout « "CD name (-1 to stop) : "; 

ewd repeat 

getline(cin, cdName); 

} //end while 

close the cds.txt file 

outFile.close() ; 

} 

el se 

else 

display the "File could wot 

cout « "File could not be 

be opewed." Message 

opened. " « endl ; 

tv\sd if 

//end if 

disolavCds function 

IPO chart information 

C++ instructions 

Input 

ods.txtflle (seguewtlal access) 

ifstream inFile; 

Processing 



Figure 14-11 IPO chart information and C++ instructions for the CD collection program (continues) 
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(continued) 


Output 

ci> xame 

string cdName = 

artist iA.am.e 

string artistName = 

Algorithm 

l. opeio. the cds.txt file for input 

inFile.open("cds.txt", ios::in); 

2. if (the cds.txt file was opened 

if (inFi1e.is_open()) 

successfully) 

{ 

read the d> name a rod artist 

getline(inFi1e, cdName, 

name from, the cds.txt file 

getline(inFi1e, artistName); 

repeat while (it's not the end 

while (linFile.eofO) 

of the cds.txt file) 

{ 

display the CD name a rod 

cout « cdName « " , " « 

artist name 

artistName « endl ; 

read the CD name and artist 

getline(inFile, cdName, 

name from, the cds.txt foie 

getline(inFile, artistName); 

end repeat 

} //end while 

close the cds.txt file 

inFi 1 e. closeO ; 

} 

el se 

else 

display the "File could not be 

cout « "File could not 

opened" message 

be opened." « endl ; 

end if 

//end if 



Figure 14-11 IPO chart information and C++ instructions for the CD collection program 


Figure 14-12 shows the entire CD collection program, with the instructions 
pertaining to sequential access files shaded. Figure 14-13 shows a sample 
run of the program, and Figure 14-14 shows the cds.txt file opened in a 
text editor. 


1 

//CD Col 1ection.cpp - keeps 

track of a CD collection 

2 

//Created/revised by <your 

name> on <current date> 

4 

#include <iostream> 


5 

#include <string> 


6 

#include <fstream> 


7 

using namespace std; 


8 



9 

//function prototypes 


10 

void saveCdC); 


11 

void displayCds(); 


12 



13 

int main() 


14 

{ 


15 

int menuOption = 0; 


16 




Figure 14-12 CD collection program (continues) 
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(continued) 


17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 


do //begin loop 

{ 

//display menu and get option 
cout « endl; 

cout « "1 Enter CD information" « endl; 

cout « "2 Display CD information" « endl; 

cout « "3 End the program" « endl; 

cout « "Enter menu option: "; 

cin » menuOption; 

cin.ignore(100, '\n'); 

cout « endl; 

//call appropriate function 
//or display error message 
if (menuOption == 1) 
saveCdO ; 

el se 

if (menuOption == 2) 
displayCdsO ; 

//end if 
//end if 

} while (menuOption != 3); 


system("pause"); - 

return 0; 

} //end of main function 

//*****f unc ti on definitions***** 
void saveCdO 
{ 

//writes records to a sequential access file 
string cdName = 
string artistName = 

//create file object and open the file 
ofstream outFile; 

outFi1e.open("cds.txt", ios::app); 

//determine whether the file was opened 
if (outFile.is_open()) 

{ 

//get the CD name 

cout « "CD name (-1 to stop): "; 

getline(cin, cdName); 

while (cdName != "-1") 

{ 

//get the artist's name 
cout « "Artist's name: "; 
getline(cin, artistName); 

//write the record 
outFile « cdName « '#' 

« artistName « endl; 


your C++ development 
tool may not require 
this statement 



Figure 14-12 CD collection program (continues) 
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(continued) 


69 

//get another CD name 


70 

cout « "CD name (-1 to stop): 

ii , 

i 

71 

getline(cin, cdName); 


72 

} //end while 


73 

74 

//close the file 


75 

outFile.closeO ; 


76 

} 


77 

el se 


78 

cout « "File could not be opened." 

« endl ; 

79 

//end if 


80 

} //end of saveCd function 


81 

82 

void displayCdsO 


83 

{ 


84 

//displays the records stored in the cds 

.txt file 

85 

string cdName = 


86 

string artistName = 


87 

88 

//create file object and open the file 


89 

ifstream inFile; 


90 

inFi1e.open("cds.txt", ios::in); 


91 

92 

//determine whether the file was opened 


93 

if (inFi1e.is_open()) 


94 

{ 


95 

//read a record 


96 

getline(inFi1e, cdName, '#'); 


97 

getline(inFi1e, artistName); 


98 

99 

while (HnFile.eofO) 


100 

{ 


101 

//display the record 


102 

cout « cdName « ", " « 


103 

artistName « endl; 


104 

//read another record 


105 

getline(inFi1e, cdName, '#'); 


106 

getline(inFi1e, artistName); 


107 

} //end while 


108 

109 

//close the file 


110 

inFile.closet)1 


111 

} 


112 

el se 


113 

cout « "File could not be opened." 

« endl ; 

114 

//end if 


115 

} //end of displayCds function 




Figure 14-12 CD collection program 

































Coding the CD Collection Program 



menu option 1 gets 
the names and saves 
them to the cds.txt file 


menu option 2 displays 
the contents of the 
cds.txt file 



Figure 14-13 Sample run of the CD collection program 


cds.txt X 



At Folsom Prison#Johnny Cash 
FunhousefPink 



Figure 14-14 The cds.txt sequential access file opened in a text editor 


Mini-Quiz 14-3 

1. Which of the following while clauses tells the computer to continue 
reading the inventory.txt file until the end of the file is reached? The 
file object is named i nlnv. 

a. while (inventory.txt.end()) 

b. while (inlnv.end()) 

c. while ( ! inlnv.eof ()) 

d. while (!inventory.txt.eof()) 

2. What value does the eof function return when the file pointer is not 
at the end of the file? 

3. Write the statement to close the inventory.txt file, which is associated 
with a file object named outlnv. 


The answers to 
Mini-Quiz ques¬ 
tions are located 
in Appendix A. 
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Sequential Access Files 


The answers to 
the labs are 
s located in 
Appendix A. 



AB 14-1 Stop and Analyze 


Study the program shown in Figure 14-15 and then answer the 
questions. 



1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


//Labl4-1.cpp - saves movie titles and release 

//years in a sequential access file 

//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <string> 

#include <fstream> 

using namespace std; 

int mainO 

{ 

string title = 
string year = 

//create file object and open the file 
ofstream outFile; 

outFile.open("movies.txt", ios::out); 

//determine whether the file is open 
if (outFile.is_open()) 

{ 

//get movie title 

cout « "Movie title (-1 to stop): 

getline(cin, title); 

while (title != "-1") 

{ 

//get the release year 
cout « "Year released: 
getline(cin, year); 

//write the record to the file 

outFile « title « '#' « year « endl; 

//get another movie title 

cout « "Movie title (-1 to stop): "; 

getline(cin, title); 

} //end while 

//close the file 
outFile.close() ; 

} 

el se 

cout « "The file could not be opened." « endl; 
//end if 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development 
tool may not require 
this statement 


Figure 14-15 Code for Lab 14-1 
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QUESTIONS 

Why are the instructions in Lines 5, 6, and 7 necessary? 

2 . The program writes records to a sequential access file. How many 
fields are in each record and what are they? 

Suppose you run the program twice, entering three records the first 
time and two records the second time. If you open the movies.txt file 
in a text editor, how many records will the file contain and why? 

4 . How can you modify the program so that the existing records in the 
movies.txt file are not erased when the program is run? 

What is another way of writing the i f clause in Line 21? 

6 . What is the purpose of the # character in Line 34? 

. Why is the statement in Line 42 necessary? 

8 . Follow the instructions for starting C++ and opening the Labl4-l.cpp 
file. The file is contained in either the Cpp6\Chapl4\Labl4-l Project 
folder or the Cpp6\Chapl4 folder. Run the program. When you are 
prompted to enter a movie title, type Titanic and press Enter. When 
you are prompted to enter the release year, type 1997 and press Enter. 
Next, enter The Dark Knight as the movie title and 2008 as the release 
year. Finally, enter -1 as the movie title. 

9 . Use a text editor to open the movies.txt file. The file contains two 
records. Close the movies.txt file. 

10 . Run the program again. Enter Shrek 2 as the movie title and 2004 as 
the release year, and then enter -1 as the movie title. Use a text edi¬ 
tor to open the movies.txt file. The file contains one record. Close the 
movies.txt file. 

Modify the program so that the existing records in the movies.txt file 
are not erased when the program is run. 

12. Save and then run the program. Enter the following movie titles and 
release years: 

Titanic 

The Dark Knight 

Star Wars: Episode IV - A New Hope 
E.T. the Extra-Terrestrial 
-1 

13 . Use a text editor to open the movies.txt file. The file contains five 
records. Close the movies.txt file. 


1997 

2008 

1977 

1982 
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AB 14-2 Plan and Create 


In this lab, you will plan and create an algorithm for Cheryl Liu, 
the owner of a candy shop named Sweets-4-You. The problem 
specification is shown in Figure 14-16. 



Cheryl Liu is the owner of a candy shop named Sweets-4-You. She wants a 
program that uses a function to display the following menu: 

Menu Options 

1 Add Records 

2 Display Total Sales 

3 Exit the program 

If Cheryl selects option 1, the program should call a function that prompts 
Cheryl to enter each salesperson’s name and sales amount. The function 
should save Cheryl’s entries in a sequential access file named sales.txt. If 
Cheryl selects option 2, the program should call a function that calculates and 
displays the total of the sales amounts stored in the sales.txt file. The program 
should end only when Cheryl selects option 3. 


Figure 14-16 Problem specification for Lab 14-2 

The Sweets-4-You program will use four functions: mai n, getChoi ce, 
addRecords, and di spl ayTotal . Figure 14-17 shows the IPO chart infor¬ 
mation and C++ instructions for the mai n and getChoi ce functions. The 
mai n function begins by declaring and initializing an i nt variable named 
choi ce. It then calls the getChoi ce function to display the menu, which 
contains three options. After displaying the menu, the getChoi ce function 
prompts Cheryl to enter her choice of menu options: 1 to add records, 2 to 
display the total sales, or 3 to exit the program. The getChoi ce function 
returns Cheryl’s response to the mai n function, which assigns the value to 
the choi ce variable. The next instruction in the mai n function is a selec¬ 
tion structure that compares the contents of the choi ce variable with the 
number 1. If the choi ce variable contains the number 1, the mai n function 
calls the addRecords function to add one or more records to the sequential 
access file. When the addRecords function ends, the mai n function calls 
the getChoi ce function to display the menu again and get another choice 
from the user. If the choi ce variable does not contain the number 1, the 
nested selection structure in the mai n function compares the contents of 
the choi ce variable with the number 2. If the choi ce variable contains 
the number 2, the mai n function calls the di spl ayTotal function to total 
the sales amounts stored in the sequential access file and then display the 
total on the screen. When the di spl ayTotal function ends, the mai n 
function calls the getChoi ce function once again. If the choi ce variable 
contains the number 3, the program ends. If the choi ce variable contains 
a value other than 1, 2, or 3, the mai n function simply calls the getChoi ce 
function. 









Coding the CD Collection Program 


main function 

IPO chart information 

Input 

C++ instructions 

met k\a. choice 

int choice = 0; 

Processing 


\a,om 


Output 


IA/01A/6 


Algorithm 

repeat 

do 

{ 

choice = getChoice(); 

call the get C-hoice function 
to display the menu and get the 
menu choice 



if (menu choice Is l) 

if (choice == 1) 

call the addttecords function 

addRecordsO ; 

else 

el se 

if {menu choice Is 2) 

if (choice == 2) 

call the displayTotal function 

displayTotal(); 

tz^d If 

//end if 

tv\sd If 

//end if 

end repeat while {menu choice is not 3 ) 

} whi1e (choi ce != B) ; 

qetChoice function 

IPO chart information 

C++ instructions 

Input 


\A0 lAt 


Processing 


\AD\At 


Output 


menu choice 

int menuChoice = 0; 

Algorithm 

1. display menu 

cout « endl « "Menu Options" « endl ; 
cout « "1 Add Records" « endl ; 
cout « "2 Display Total Sales" 

« endl ; 

cout « "3 Exit the program" « endl; 

2. get menu choice 

cout « "Choice (1, 2, 
or 3)? "; 

cin » menuChoice; 
cin.ignore(100, '\n'); 
cout « endl ; 

3 . return menu choice 

return menuChoice; 



Figure 14-17 IPO chart information and C++ instructions for the mai n and getChoi ce 
functions 
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Figure 14-18 shows the IPO chart information and C++ instructions for the 
addRecords function. The function creates an output file object named 
outFi 1 e and then uses the object, along with the open function, to open 
the sales.txt file for append. The condition in the i f clause determines 
whether the sales.txt file was opened successfully. If the condition evaluates 
to false, it means that the open function failed to open the file. In that case, 
the addRecords function displays an appropriate error message and then 
the function ends. If the condition evaluates to true, on the other hand, it 
means that the open function was able to open the sales.txt file. As a result, 
the instructions in the i f statement’s true path are processed. The first two 
statements in the true path prompt the user to enter the salesperson’s name 
and then store the user’s response in the name variable. The while clause 
in the true path is processed next. The while clause indicates that the loop 
body instructions should be repeated as long as the name variable does not 
contain either the letter X or the letter x. The first two statements in the loop 
body prompt the user to enter the sales amount and then store the user’s 
response in the sal es variable. The ci n . i gnore(100 , ' \n ' ) ; statement 
instructs the computer to consume the newline character that remains in the 
ci n object after the sales amount is entered. The outFi 1 e « name « 

'#' « sales « endl ; statement then writes a record, followed by a 
newline character, to the file. The record contains the contents of the name 
variable, the # character, and the contents of the sales variable. The last two 
statements in the loop body prompt the user to enter another salesperson’s 
name and then store the user’s response in the name variable. The loop will 
end when the name variable contains either the string “X” or the string “x”. 
When the loop ends, the outFi 1 e. close() ; statement closes the sales.txt 
file before the addRecords function ends. 


addRecords function 

IPO chart information 

Input 

C++ instructions 

salesperson's h,dw 

string name = 

sales am.ou.nt 

int sales = 0; 

Processing 


MM 


Output 


sales.txt file (sequential access) 

ofstream outFile; 

Algorithm 

l. open the sales.txt file for append 

outFile.open("sales.txt", ios::app); 

2. If (the sales.txt file was opened 

if (outFile.is_open()) 

su.ceessfu.lly) 

{ 

enter the salesperson's name 

cout « "Salesperson's name 
(X to stop): "; 
getline(cin, name); 


Figure 14-18 IPO chart information and C++ instructions for the addRecords function 
(continues) 
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(continued) 


re-pec*t while (the salesperson's 

while (name != "X" 

name 1 s not “X" or "x") 

&& name != "x") 

{ 

cout « "Sales: 

cin » sales; 

cin.ignore(100, ’\n'); 

enter the sales am.ou.iAt 

write the salesperson's name 

outFile « name « '#' 

and sales am.ou.iA.tto the 
sales.txt file 

« sales « endl; 

get arsother salesperson's name 

cout « "Salesperson's name 
(X to stop): "; 
getline(cin, name); 

end repeat 

} //end while 

close the sales.txt file 

outFile.close(); 

} 

el se 

else 

display the "File could not 

cout « "File could not be 

be opened." message 

opened." « endl; 

end If 

//end if 



Figure 14-18 IPO chart information and C++ instructions for the addRecords function 


Finally, Figure 14-19 shows the IPO chart information and C++ instructions 
for the di spl ayTotal function. The function creates an input file object 
named i nFi 1 e and then uses the object, along with the open function, to 
open the sales.txt file for input. The condition in the i f clause determines 
whether the sales.txt file was opened successfully. If the condition evaluates 
to false, the di spl ayTotal function displays an appropriate error message 
and then the function ends. If the condition evaluates to true, on the other 
hand, the instructions in the i f statement’s true path are processed. The 
instructions in the true path read a record from the sales.txt file, assigning 
the name to the name variable and assigning the sales to the sales variable. 
The while clause in the true path tells the computer to repeat the loop body 
instructions as long as the file pointer is not at the end of the file. The first 
statement in the loop body adds the sales amount to the accumulator vari¬ 
able, which is named total . The remaining instructions in the loop body 
read another record from the file. When the loop ends, which occurs when 
the file pointer is at the end of the sales.txt file, the last two statements in 
the i f statement’s true path close the sales.txt file and then display the total 
sales amount on the screen. After displaying the total sales amount, the 
di spl ayTotal function ends. 
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disolavTotal function 

IPO chart information 

C++ instructions 

Input 

sales.txt file (sequential access) 

ifstream inFile; 

Processing 

salesperson's name 

string name = 

sales amount 

int sales = 0; 

Output 

total sales amount (accumulator) 

int total = 0; 

Algorithm 

l. open the sales.txt file -for Input 

inFile.openCsales.txt"); 

2. If (the sales.txt file was opened 

if (inFile.is_open()) 

successfully) 

{ 

read the salesperson's name 

getline(inFile, name, 

and sales amount from the 

inFile » sales; 

sales.txt file 

inFi1e.ignore(); 

repeat while (It's not the end 

while (! i nFile.eof 0) 

of the sales.txt file) 

{ 

add the sales amount 

total += sales; 

to the total sales amount 

read the salesperson's name 

getline(inFi1e, name, 

and sales amount from the 

inFile » sales; 

sales.txt file 

inFile.ignoreO ; 

end repeat 

} //end while 

close the sales.txt file 

inFile.close() ; 

display the total sales amount 

cout « "Total sales $" 

« total « endl « endl ; 

} 

el se 

else 

display the "File could not 

cout « "File could not be 

be opened." message 

opened." « endl ; 

£\ACi 

//end if 



Figure 14-19 IPO chart information and C++ instructions for the di spl ayTotal function 


Figure 14-20 shows the code for the entire CD collection program, and 
Figure 14-21 shows a sample run of the program. 














Coding the CD Collection Program 


1 //Labl4-2.cpp - saves records to a sequential access 

2 //file and also calculates and displays the total 

3 //of the sales amounts stored in the file 

4 //Created/revised by <your name> on <current date> 

5 

6 #include <iostreams 

7 #include <string> 

8 #include <fstream> 

9 using namespace std; 

10 

11 //function prototypes 

12 int getChoiceO; 

13 void addRecordsO; 

14 void displayTotalO; 

15 

16 int main() 

17 { 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 } 

35 

36 //*****f unction definitions***** 

37 int getChoiceO 

38 { 

39 //displays menu and returns choice 

40 

41 int menuChoice = 0; 

42 cout « endl « "Menu Options" « endl; 

43 cout « "1 Add Records" « endl ; 

44 cout « "2 Display Total Sales" « endl; 

45 cout « "3 Exit the program" « endl; 

46 cout « "Choice (1, 2, or 3)? "; 

47 cin » menuChoice; 

48 cin.ignoreClOO, '\n'); 

49 cout « endl; 

50 return menuChoice; 

51 } //end of getChoice function 

52 

53 void addRecordsO 

54 { 

55 //saves records to a sequential access file 

56 


int choice 
do 
{ 


0 ; 


//get user's menu choice 
choice = getChoiceO; 
if (choice == 1) 
addRecordsO; 

el se 

if (choice == 2) 

displayTotal(); 
//end if 
//end if 

} while (choice != 3); 

systemC'pause") ; 
return 0; 

//end of main function 


your C++ development 
tool may not require 
this statement 



Figure 14-20 CD collection program (continues) 
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(continued) 


57 


string name = 

58 


int sales = 0; 

59 


ofstream outFile; 

60 



61 


//open file for append 

62 


outFile.open("sales.txt", ios::app); 

63 



64 


//if the open was successful, get the 

65 


//salesperson's name and sales amount and 

66 


//then write the information to the file; 

67 


//otherwise, display an error message 

68 


if (outFile.is open()) 

69 


{ 

70 


cout « "Salesperson's name (X to stop): 

71 


getline(cin, name); 

72 



73 


while (name != "X" && name != "x") 

74 


{ 

75 


cout « "Sales: 

76 


cin » sales; 

77 


cin.ignore(100, '\n'); 

78 



79 


outFile « name « '#' « sales « endl; 

80 



81 


cout « "Salesperson's name " 

82 


« "(X to stop): "; 

83 


getline(cin, name); 

84 


} //end while 

85 



86 


outFile.close(); 

87 


} 

88 


el se 

89 


cout « "File could not be opened." « endl; 

90 


//end if 

91 

} 

//end of addRecords function 

92 



93 

void displayTotal() 

94 

{ 


95 


//calculates and displays the total sales 

96 



97 


string name = ""; 

98 


int sales = 0; 

99 


int total = 0; 

100 


ifstream inFile; 

101 



102 


//open file for input 

103 


inFile.open("sales.txt"); 

104 



105 


//if the open was successful, read the 

106 


//salesperson's name and sales amount, then add 

107 


//the sales amount to the accumulator, and then 

108 


//display the accumulator; otherwise, display 

109 


//an error message 



Figure 14-20 CD collection program (continues) 
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(continued) 


110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 
129 


if (inFile.is_open()) 
{ 


get!ine(inFi1e, name, 
inFile » sales; 
i nFi 1 e. ignoreQ ; 


611 


while (!inFi 1 e.eofO) 
{ 


total += sales; 
getline(inFile, name, '#'); 
inFile » sales; 


inFi1e.ignore() ; 

} //end while 
inFile.closeO ; 

cout « "Total sales $" « total 


« endl « end!; 


} 


el se 

cout « "File could not be opened." « endl; 


130 } 


//end if 

//end of displayTotal function 


Figure 14-20 CD collection program 


CD Collection Program 


-|q|x 


Menu Options 

1 Add Records 

2 Display Total Sales 

3 Exit the program 
Choice (1, 2, or 3)? 1 

Salesperson's name (X to stop): Janice Johansen 
Sales: 12000 

Salesperson's name (X to stop): Flarry Blackfeather 
Sales: 23500 

Salesperson's name (X to stop): x 

Menu Options 

1 Add Records 

2 Display Total Sales 

3 Exit the program 
Choice (1, 2, or 3)? 2 

Total sales $35500 


Menu Options 

1 Add Records 

2 Display Total Sales 

3 Exit the program 
Choice (1, 2, or 3)? 3 

Press any key to continue . . . _ 



Figure 14-21 Sample run of the CD collection program 
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DIRECTIONS 

Follow the instructions for starting your C++ development tool. Depending 
on the development tool you are using, you may need to create a new proj¬ 
ect; if so, name the project Labl4-2 Project and save it in the Cpp6\Chapl4 
folder. Enter the instructions shown in Figure 14-20 in a source file named 
Labl4-2.cpp. (Do not enter the line numbers.) Save the file in either the proj¬ 
ect folder or the Cpp6\Chapl4 folder. Now, follow the appropriate instruc¬ 
tions for running the Labl4-2.cpp file. Test the program using the data 
shown in Figure 14-21. If necessary, correct any bugs (errors) in the program. 


LAB 14-3 Modify 


If necessary, create a new project named Labl4-3 Project. Enter 
(or copy) the Labl4-2.cpp instructions into a new source file 
named Labl4-3.cpp. Change Labl4-2.cpp in the first comment to 
Labl4-3.cpp. Modify the menu so that it contains five options: Add Records, 
Display Records, Display Total Sales, Display Average Sales, and Exit the pro¬ 
gram. When the user selects the Display Records option, the program should 
call a function to display the contents of the sales.txt file on the screen. When 
the user selects the Display Average Sales option, the program should call a 
function to calculate and display the average sales amount stored in the file. 
Save and then run the program. Test the program appropriately. 



AB 14-4 Desk-Check 


Desk-check the code shown in Figure 14-22, using the Labl4-4.txt 
file shown in Figure 14-23. What will the code in Figure 14-22 
display on the screen? 


1 

//Labl4-4.cpp - displays each region 

's total 

sal es 

2 

//Created/revised by <your names 

on 

<current 

dates 

4 

#include <iostream> 




5 

#include <fstream> 




6 

7 

using namespace std; 




8 

int main() 




9 

{ 




10 

int storelSales = 0; 




11 

int store2Sales = 0; 




12 

int storelTotal = 0; 




13 

int store2Total = 0; 




14 





15 

//create file object and open 

the 

file 


16 

ifstream inFile; 




17 

inFile.openCLabl4-4.txt") ; 





Figure 14-22 Code for Lab 14-4 (continues) 
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(continued) 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 } 


//determine whether the file was opened 
if (inFile.is_open()) 

{ 

//read store l's sales amount 
inFile » storelSales; 
inFi 1 e. ignoreO ; 

while (HnFile.eofO) 

{ 

//read store 2's sales amount 
inFile » store2Sales; 
i nFi 1 e. ignoreO ; 

//accumulate each store's sales amount 
storelTotal += storelSales; 
store2Total += store2Sales; 

//read store l's sales amount 
inFile » storelSales; 
i nFi 1 e. ignoreO ; 

} //end while 

//close the file 
inFile.closeO ; 

//display the total sales amount for each store 
cout « "Store l's total sales: $" 

« storelTotal « endl; 
cout « "Store 2's total sales: $" 

« store2Total « endl; 

} 

el se 

cout « "File could not be opened." « endl; 
//end if 


systemC'pause") ; - 

return 0; 

//end of main function 


your C++ development 
tool may not require 
this statement 



Figure 14-22 Code for Lab 14-4 


Labl4-4.txt X 

2000 # 4000 
3500#4600 
1250#2300 
9300#8950 



Figure 14-23 Contents of the Labl4-4.txt sequential access file 
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AB 14-5 Debug 


Follow the instructions for starting C++ and opening the 
Labl4-5.cpp file. The file is contained in either the Cpp6\Chapl4\ 
Lab 14-5 Project folder or the Cpp6\Chapl4 folder. Debug the 
program. 


Summary 


The open, 
i s_open,and 
= close functions 
are member 
functions in 
the i fstream and 
ofstream classes. The 
eof function is a mem¬ 
ber function in the 
i fstream class. 


Sequential access files can be either input files or output files. Input files 
are files whose contents are read by a program. Output files are files to 
which a program writes data. 

To create a file object in a program, the program must contain the 
#include <fstream> directive. 

You use the i fstream and ofstream classes, which are defined in the 
fstream file, to create input and output file objects, respectively. The file 
objects are used to represent the actual files stored on your computer’s disk. 

After creating a file object, you then use the open function to open the file 
for input, output, or append. 

You can use the i s_open function to determine whether the open 
function either succeeded or failed to open a sequential access file. The 
i s_open function returns the Boolean value true if the open function was 
able to open the file. It returns the Boolean value false if the open function 
could not open the file. 

To distinguish one record from another in a sequential access file, pro¬ 
grammers usually write each record on a separate line in the file. You do 
this by including the endl stream manipulator at the end of the statement 
that writes the record to the file. If the record contains more than one 
field, programmers use a character (such as ' #') to separate the data in 
one field from the data in another field. 

When reading data from a file, you use the eof function to determine 
whether the file pointer is at the end of the file. If the file pointer is located 
after the last character in the file, the eof function returns the Boolean 
value true; otherwise, it returns the Boolean value false. 

When a program is finished with a file, you should use the close function 
to close it. Failing to close an open file can result in the loss of data. 


Key Terms 

—the Not logical operator 

function —closes a sequential access file in a program 

function —determines whether an entire sequential access file has been 
read; it returns true when the file pointer is located after the last character in 
a sequential access file; otherwise, it returns false 










Review Questions 


Field— a single item of information about a person, place, or thing 

Input files —files that contain information used as input by a program 

function —used in a program to determine whether a sequential 
access file was opened successfully; returns true when the open operation 
succeeded; otherwise, returns false 

Not logical operator —reverses the truth-value of a condition 

function— used to open input and output files in a program 

Output files —files that store the output produced by a program 

Record —a collection of one or more related fields that contain all of the nec¬ 
essary data about a person, place, or thing 

Sequential access files —files composed of lines of text; also referred to as 
text files 

Text files —another name for sequential access files 

Review Questions 

1. A_is a single item of information about a person, 

place, or thing. 

a. field 

b. file 

c. record 

d. none of the above 

2. A group of related fields that contain all of the data about a specific 

person, place, or thing is called a_. 

a. field 

b. file 

c. record 

d. none of the above 

3. For a program to create a file object, it must include the_ 

file. 

a. fileStream 

b. fstream 

c. outFile 

d. sequential 
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4. You use the_class to instantiate an output file object. 

a. cout 

b. fstream 

c. ofstream 

d. outstream 

5. Which of the following statements creates an object named 
outPayrol 1 that represents an output file in the program? 

a. fstream outPayrol 1; 

b. ofstream outPayrol1; 

c. outPayrol1 as ofstream; 

d. outPayrol1 as outstream; 

6. Which of the following statements opens the payroll.txt file for out¬ 
put? The file is associated with the outPayrol 1 object. 

a. outPayroll.open("payroll.txt"); 

b. outPayroll.open("payroll.txt", ios::out); 

c. outPayrol1.open("payrol1.txt", ios::output); 

d. both a and b 

7. To add records to the end of an existing output file, you use the 
_ mode in the open function. 

a. add 

b. ios : : add 

c. ios : : app 

d. ios : : out 

8. You use the_function to close a sequential access file. 

a. close 

b. end 

c. exit 

d. finish 

9. You can use the_function to determine whether the 

open function was successful. 

a. is_open 

b. isopen 

c. isFileOpen 

d. is_FileOpen 












Review Questions 


10. Which of the following statements writes the contents of the city 
variable to an output file named address.txt? The file is associated 
with the outFi 1 e object. 

a. address.txt « city « endl; 

b. ofstream « city « endl; 

c. outFile « city « endl; 

d. outFile » city » endl; 

11. Which of the following statements reads a number from an input file 
named managers.txt and stores the number in the sal ary variable? 
The file is associated with the i nFi 1 e object. 

a. managers.dat « salary; 

b. if stream « salary; 

c. inFile « salary; 

d. none of the above 

12. Which of the following statements writes the contents of the city 
and state variables to an output file named address.txt? The file is 
associated with the outFi 1 e object. 

a. address.txt « city « state « endl; 

b. ofstream « city « state « endl; 

c. outFile » city » state » endl; 

d. outFile « city « '#' « state « endl; 

13. Which of the following while clauses tells the computer to repeat the 
loop instructions until the end of the file is reached? The file is associ¬ 
ated with the i nFi 1 e object. 

a. whi 1 e (i nFi 1 e.eof ()) 

b. while (! ifstream.eof ()) 

c. whi 1 e (! inFi 1 e.eof ()) 

d. whi 1 e ( ! ifstream.fai 1 ()) 

14. Which of the following statements creates an object named 
i n Pay rol 1 that represents an input file in the program? 

a. instream inPayroll; 

b. ifstream inPayroll; 

c. inPayroll as ifstream; 

d. inPayroll as ifstream; 
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15. Which of the following statements opens the payroll.txt file for input? 
The file is associated with the i nFi 1 e object. 

a. i nFi 1 e. open("payrol 1 .txt", ios : : app) ; 

b. inFile.open("payroll.txt") ; 

c. i nFi 1 e. open ("pay rol 1 .txt", ios : : i n) ; 

d. both b and c 


Exercises 


TRY THIS 



Pencil and Paper 


1. Write the statement to declare an input file object named i nSal es. 
(The answers to TRY THIS Exercises are located at the end of the 
chapter.) 


TRY THIS 2. Write the statement to open a sequential access file named jansales.txt 

for output. The file is associated with the out Jan object. (The answers 
to TRY THIS Exercises are located at the end of the chapter.) 

MODIFY THIS 3. Rewrite the statement from Pencil and Paper Exercise 2 so it opens 

the jansales.txt file for append. 


INTRODUCTORY 

4. 

Write the statement to open a sequential access file named inventory.txt 
for input. The file is associated with the i nlnventory object. 

INTRODUCTORY 

5. 

Write the statement to open a sequential access file named firstQtr.txt 
for append. The file is associated with the outSal es object. 

INTRODUCTORY 

6. 

Write the statement to open a sequential access file named febsales.txt 
for output. The file is associated with the outFeb object. 

INTRODUCTORY 

7. 

Write an i f clause that determines whether an output file was 
opened successfully. The file is associated with the outSal es object. 

INTRODUCTORY 

8. 

Write the statement to read a string from the sequential access file 
associated with the i nFi 1 e object. Assign the string to the textLi ne 
variable. 


INTRODUCTORY 9. Write the statement to read a number from the sequential access file 

associated with the i nFi 1 e object. Assign the number to the number 
variable. 


INTRODUCTORY 10. Write the statement to close the jansales.txt file, which is associated 

with the outFi 1 e object. 

INTRODUCTORY 11. A program needs to write the string “Employee” and the string 

“Name” to the sequential access file associated with the outFi 1 e 
object. Each string should appear on a separate line in the file. Write 
the code to accomplish this task. 
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12. A program needs to write the contents ofastring variable named INTERMEDIATE 

capi tal and the newline character to the sequential access file associ¬ 
ated with the outFi 1 e object. Write the code to accomplish this task. 


13. Write a whi 1 e clause that tells the computer to stop processing the INTERMEDIATE 

loop instructions when the end of the file has been reached. The file is 

associated with the i nFi 1 e object. 

14. A program needs to read a sequential access file, line by line, and dis- ADVANCED 
play each line on the computer screen. The file is associated with the 

i n Fi 1 e object. Write the code to accomplish this task. 


15. Correct the condition in the following i f clause, which should deter¬ 
mine whether the open function was able to open the file associated 
with the outFi 1 e object: i f (outFi 1 e. open). 



Computer 


16. If necessary, create a new project named TryThisl6 Project. Also 
create a new source file named TryThisl6.cpp. Write a program that 
allows the user to enter the 26 letters of the alphabet. The program 
should save each letter on a separate line in a sequential access file 
named TryThisl6.txt. Save and then run the program. Test the pro¬ 
gram by entering the 26 letters of the alphabet, one at a time. Verify 
that the program worked correctly by opening the TryThisl6.txt file 
in a text editor. Close the TryThisl6.txt file. (The answers to TRY 
THIS Exercises are located at the end of the chapter.) 


SWAT THE BUGS 


TRY THIS 


17. If necessary, create a new project named TryThisl7 Project. Also TRY THIS 

create a new source file named TryThisl7.cpp. Write a program that 
saves records to a sequential access file named TryThisl7.txt. Each 
record should contain two fields separated by the ' #' character. The 
first field should contain numbers from 10 through 25. The second 
field should contain the square of the number in the first field. For 
example, the first record will contain the number 10, the ' #' charac¬ 
ter, and the number 100. Save and then run the program. Verify that 
the program worked correctly by opening the TryThisl7.txt file in a 
text editor. Close the TryThisl7.txt file. (The answers to TRY THIS 
Exercises are located at the end of the chapter.) 


18. In this exercise, you modify the program from TRY THIS Exercise MODIFY THIS 

17. If necessary, create a new project named ModifyThisl8 Project. 

Copy the instructions from the TryThisl7.cpp file into a source file 
named ModifyThisl8.cpp. Change the filename in the first comment 
to ModifyThisl8.cpp. Also change the name of the sequential access 
file in the open function to ModifyThisl8.txt. Modify the program 
so that each record contains an additional field: the cube of the num¬ 
ber in the first field. For example, the first record should contain the 
number 10, the '#' character, the number 100, the '#' character, 
and the number 1000. Save and then run the program. Verify that the 
program worked correctly by opening the ModifyThisl8.txt file in a 
text editor. Close the ModifyThisl8.txt file. 
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INTRODUCTORY 19. If necessary, create a new project named Introductoryl9 Project. Also 

create a new source file named Introductoryl9.cpp. Create a program 
that saves a company’s payroll amounts in a sequential access file. Save 
the amounts in fixed-point notation with two decimal places. Name 
the sequential access file Introductoryl9.txt and open the file for 
append. Use a negative number as the sentinel value. Save and then 
run the program. Enter the following payroll amounts and sentinel 
value: 45678.99, 67000.56, and -1. Now, run the program again. This 
time, enter the following payroll amounts and sentinel value: 25000.89, 
35600.55, and -1. Open the Introductoryl9.txt file in a text editor. The 
file should contain four payroll amounts, with each amount appearing 
on a separate line in the file. Close the Introductoryl9.txt file. 

INTRODUCTORY 20. If necessary, create a new project named Introductory20 Project. Also 

create a new source file named Introductory20.cpp. Create a program 
that saves prices in a sequential access file. Save the prices in fixed- 
point notation with two decimal places. Name the sequential access 
file Introductory20.txt and open the file for append. Use a negative 
number as the sentinel value. Save and then run the program. Enter 
the following prices and sentinel value: 10.50, 15.99, and -1. Now, run 
the program again. This time, enter the following prices and sentinel 
value: 20, 76.54, 17.34, and -1. Open the Introductory20.txt file in a 
text editor. The file should contain five prices, with each price appear¬ 
ing on a separate line in the file. Close the Introductory20.txt file. 

INTRODUCTORY 21. If necessary, create a new project named Introductory21 Project. 

Also create a new source file named Introductory21.cpp. If you are 
using Microsoft Visual C++, copy the Introductory21.txt file from 
the Cpp6\Chapl4 folder to the Cpp6\Chapl4\Introductory21 Project 
folder. Use a text editor to open the Introductory21.txt file, which 
contains letters of the alphabet. Close the Introductory21.txt file. Cre¬ 
ate a program that counts the number of letters stored in the file. The 
program should display the number of letters on the computer screen. 
Save and then run the program. 


INTERMEDIATE 22. If necessary, create a new project named Intermediate22 Project. 

Also create a new source file named Intermediate22.cpp. If you are 
using Microsoft Visual C++, copy the Intermediate22.txt file from 
the Cpp6\Chapl4 folder to the Cpp6\Chapl4\Intermediate22 Project 
folder. Use a text editor to open the Intermediate22.txt file, which 
contains payroll amounts. Close the Intermediate22.txt file. Create a 
program that calculates and displays the total of the payroll amounts 
stored in the file. Display the total with a dollar sign and two decimal 
places. Save and then run the program. 


INTERMEDIATE 23. If necessary, create a new project named Intermediate23 Project. 

Also create a new source file named Intermediate23.cpp. If you are 
using Microsoft Visual C++, copy the Intermediate23.txt file from 
the Cpp6\Chapl4 folder to the Cpp6\Chapl4\Intermediate23 Project 
folder. Use a text editor to open the Intermediate23.txt file, which 
contains prices. Close the Intermediate23.txt file. Create a program 
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that calculates and displays the average price stored in the file. Display 
the average with a dollar sign and two decimal places. Save and then 
run the program. 

24. If necessary, create a new project named Intermediate24 Project. INTERMEDIATE 

Also create a new source file named Intermediate24.cpp. If you are 

using Microsoft Visual C++, copy the Intermediate24.txt file from 
the Cpp6\Chapl4 folder to the Cpp6\Chapl4\Intermediate24 Project 
folder. Use a text editor to open the Intermediate24.txt file, which 
contains payroll codes and salaries. Close the Intermediate24.txt file. 

Create a program that allows the user to enter a payroll code. The 
program should search for the payroll code in the file and then display 
the appropriate salary. If the payroll code is not in the file, the pro¬ 
gram should display an appropriate message. Use a sentinel value to 
end the program. Save and then run the program. Test the program 
by entering the following payroll codes: 10, 24, 55, 32, and 6. Stop the 
program by entering your sentinel value. 

25. If necessary, create a new project named Advanced25 Project. Also ADVANCED 

create a new source file named Advanced25.cpp. If you are using 

Microsoft Visual C++, copy the Advanced25.txt file from the Cpp6\ 

Chapl4 folder to the Cpp6\Chapl4\Advanced25 Project folder. Use a 
text editor to open the Advanced25.txt file, which contains the names 
of the items in inventory, as well as each item’s quantity and price. Close 
the Advanced25.txt file. Write a program that displays the contents 
of the file in three columns titled “Name” “Quantity”, and “Price”. The 
program also should display a fourth column that contains the result of 
multiplying each item’s quantity by its price. Use "Value" as the column's 
title. (Hint: Use ' \t', which is the escape sequence for the tab key, to 
align the columns.) In addition, the program should calculate and dis¬ 
play the total value of the items in inventory. Display the price, value, 
and total value with two decimal places. Save and then run the program. 

26. If necessary, create a new project named Advanced26 Project. Also ADVANCED 

create a new source file named Advanced26.cpp. Write a program 

that allows the user to record the names of cities and their corre¬ 
sponding ZIP codes in a sequential access file named Advanced26.txt. 

The program also should allow the user to look up a ZIP code in the 
file and display the name of its corresponding city. If the ZIP code is 
not in the file, the program should display an appropriate message. 

Save and then run the program. Enter the ZIP codes and city names 
listed in Figure 14-24. Next, display the name of the city correspond¬ 
ing to the following ZIP codes: 60135, 60544, and 55555. 
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ZIP code 

City 

60561 

Darien 

60544 

Hinsdale 

60137 

Glen Ellyn 

60135 

Downers Grove 

60136 

Burr Ridge 


Figure 14-24 
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ADVANCED 27. If necessary, create a new project named Advanced27 Project. Also 

create a new source file named Advanced27.cpp. If you are using 
Microsoft Visual C++, copy the Advanced27.txt file from the Cpp6\ 
Chapl4 folder to the Cpp6\Chapl4\Advanced27 Project folder. Each 
salesperson at BobCat Motors is assigned a code that consists of two 
characters. The first character is either the letter F (which indicates 
a full-time employee) or the letter P (which indicates a part-time 
employee). The second character is either a 1 (indicating the sales¬ 
person sells new cars) or a 2 (indicating the salesperson sells used 
cars). Use a text editor to open the Advanced27.txt file, which con¬ 
tains the names of BobCat’s salespeople along with each salesperson’s 
code, then close the file. Write a program that prompts the user to 
enter the code (FI, F2, PI, or P2). The program should search the 
Advanced27.txt file for the code and then display only the names of 
the salespeople assigned that code. Display an appropriate message if 
the user enters an invalid code. Save and then run the program. Test 
the program by entering F2 as the code. The program should display 
three records: Mary Jones, Joel Adkari, and Janice Paulo. Now, test 
the program using codes of FI, PI, P2, and S3. 

ADVANCED 28. If necessary, create a new project named Advanced28 Project. Also 

create a new source file named Advanced28.cpp. If you are using 
Microsoft Visual C++, copy the Advanced28.txt file from the Cpp6\ 
Chapl4 folder to the Cpp6\Chapl4\Advanced28 Project folder. 

Use a text editor to open the Advanced28.txt file, which contains 
20 numbers. Close the Advanced28.txt file. Write a program that 
performs the following for each number in the Advanced28.txt 
file: read the number, add 1 to the number, write the new number 
to another sequential access file named UpdatedAdvanced28.txt. 
Save and then run the program. Use a text editor to open the 
UpdatedAdvanced28.txt file. Each number in the file should be one 
greater than its corresponding number in the Advanced28.txt file. 
Close the UpdatedAdvanced28.txt file. 

ADVANCED 29. If necessary, create a new project named Advanced29 Project. Also 

create a new source file named Advanced29.cpp. If you are using 
Microsoft Visual C++, copy the Advanced29.txt file from the Cpp6\ 
Chapl4 folder to the Cpp6\Chapl4\Advanced29 Project folder. 

Use a text editor to open the Advanced29.txt file, which contains 
12 numbers. Close the Advanced29.txt file. Write a program that 
reads the numbers contained in the Advanced29.txt file and writes 
only the even numbers to a new sequential access file named 
EvenAdvanced29.txt. Save and then run the program. Use a text edi¬ 
tor to open the EvenAdvanced29.txt file, which should contain only 
the even numbers. Close the EvenAdvanced29.txt file. 

SWAT THE BUGS 30. Follow the instructions for starting C++ and opening the SwatThe- 

Bugs30.cpp file. The file is contained in either the Cpp6\Chapl4\ 
SwatTheBugs30 Project folder or the Cpp6\Chapl4 folder. Debug the 
program. 








Exercises 


Answers to TRY THIS Exercises 



Pencil and Paper 


1. ifstream inSales; 


2. outJan.open(" j ansales.txt"); or outJan.open(" j ansales. 
txt", ios::out); 



Computer 
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16. See Figures 14-25 and 14-26. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 


//TryThisl6.cpp - writes 26 letters to a sequential 
//access file 

//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <fstream> 
using namespace std; 

int main() 

{ 

char 1etter = ' '; 

//create file object and open the file 

ofstream outFile; 

outFi1e.open("T ryThisl6.txt"); 

//determine whether the file was opened 
if (outFile.is_open()) 

{ 

//get the 26 letters of the alphabet and 

//write each to the file 

for (int x = 1; x <= 26; x = x + 1) 

{ 

cout « "Enter letter " « x « ": 

cin » letter; 

outFile « letter « endl; 

} //end for 

//close the file 
outFile.close(); 

} 

el se 

cout « "The file could not be opened." « endl; 
//end if 


system("pause"); - 

return 0; 

} //end of main function 


your C++ development 
tool may not require 
this statement 


In Line 22, you 
also can use 
either x += 1 
or x++. 


Figure 14-25 
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Figure 14-26 

17. See Figures 14-27 and 14-28. 


1 //TryThisl7.cpp - saves numbers from 10 through 

2 //25, along with the square of each number, 

3 //in a sequential access file 

4 //Created/revised by <your name> on <current date> 

5 

6 #include <iostream> 


Figure 14-27 (continues) 
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(continued) 


7 

8 
9 

10 


#include <cmath> 
#include <fstream> 
using namespace std; 


11 int 

12 { 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 } 


main() 

ofstream outNumbers; 
outNumbers.open("TryThisl7.txt"); 

if (outNumbers.is_open()) 

{ 

for (int x = 10; x < 26; x += 1) 
outNumbers « x « '#' 

« pow(x, 2.0) « endl; 

//end for 

outNumbers.close(); 

} 

el se 

cout « "The file could not be opened." 
« endl; 

//end if 


system("pause") ; 
return 0; 

//end of main function 


your C++ development 
tool may not require 
this statement 



In Line 18, you 
also can use 
either x++ or 
x = x + 1. 


625 


Figure 14-27 


TryThisl7.txt X 
~ 10#100 
11#121 
12#144 
13#169 
14#196 
15#225 
16#256 
17#289 
18#324 
19#361 
20#400 
21#441 
22#484 
23#529 
24#576 
25#625 


V 


Figure 14-28 
















Answers to Chapter 1 Mini-Quizzes 


Mini-Quiz 1-1 

1. machine 

2. a. a procedure-oriented 

3. b. an object-oriented 

4. compiler 


Mini-Quiz 1-2 

1. sequence, selection, repetition 

2. sequence 

3. algorithm 

4. repetition 

5. repetition 

6. selection 






Answers to Chapter 1 Labs 


Answers to Chapter 1 Labs 




AB 1-1 Stop and Analyze 


sequence and repetition 
Mary Smith and 60 

3. change the last instruction to print the salesperson's name, 
sales amount, and bonus piiaaduia t 

4. The modifications are shaded in the algorithm. 


repeat for each salesperson 

enter the salesperson's name and sales amount 
tabulate the bonus aw.ou\A t by multiplying the sales 
amount by 3^ 

print the salesperson's name and bonus aiM.ou\At 
end repeat 

5. The modifications are shaded in the algorithm. 


enter the bonus rate 
repeat 5 times 

enter the salesperson's name and sales amount 

tabulate the b diaus, ai^iouvi t by multiplying the sales amount 

by the bonus rate 

printthe salesperson's name and bonus amount 
end repeat 




AB 1-2 Plan and Create 


repeat 2.5" times 

read the student's aiA,s,wtr and the torrett av^s,vjtr 
if (the student's answer is not the same as the torrett answer) 
marte the student's answer intorrett 
end if 
end repeat 



AB 1-3 Modify 


You can use either of the following algorithms. The modifications 
are shaded in each. 


Algorithm 1 

repeat s times 

enter the salesperson's name and sales amount 
Sighi sales amount is greater than ziooo) 

tabulate the bonus amount by multiplying the sales 

awiouiA ,t by 3.5^0 
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fig 

calculate the homes awiou. ia£ by muitlplyli/eg the sates amoum t 
by 3 fo 

eiAd if 

pr'uvtthe salesperson's name anal bonns amount 
end repeat 

Algorithm 2 

repeat 5 times 

enter the salesperson's name and sates amount 
H I sates amount Is less than or equal to ziooo) 

tabulate the bonus amou.i/\,t by multiplying the sates amount 
by 3^ 
fill 

tabulate the bonus amount by multiplying the sales amount 

by 3 .sfo 
end If 

print the salesperson's name and bonus amount 
end repeat 


Answers to Chapter 2 Mini-Quizzes 

Mini-Quiz 2-1 


1. Output: 

sales tax 

Input: 

purchase amount 
sales tax rate 

Missing information: 

none 

2. Output: 

savings 

Input: 

number of CDs purchased 
club CD price 
store CD price 

Missing information: 

store CD price 

3. Output: 

total amount saved in January 

Input: 

amount saved per day 
number of days in January 

Missing information: 

none (Although the number of days in 
January is not specified in the problem 
specification, that information can be found 
in any calendar.) 

4. Output: 

yearly savings 

Input: 

amount saved per day 
number of days in the year 

Missing information: 

number of days in the year (Because some 
years are leap years, you would need to 
know the number of days in the year.) 
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Mini-Quiz 2-2 

1. input/output 

2. rectangular 


3. 


Input 

purc-hase am.ou.vit 
sates tax rate 


Processing 

Processing items: none 


Output 

sates tax 


Algorithm: 

1. er-ter the purchase amoux-t and sates tax rate 

2 . calculate the sates tax by multiplying the 
purchase aruouu,t by the sates tax rate 

3. display the sates tax 


4. 


Input 

number of CPs purchased 
club CP price 
store CP price 


Processing 

Processing Items; 
total club cost 
total store cost 

Algorithm: 


Output 

savings 




display savings 
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Mini-Quiz 2-3 

l. 


purchase amount 

sales tax rate 

sales tax 

54 


3.35 

1 00 

.02 

2 .00 


first number 

Second number 

sum 

average 

5 

H 


s 

b 

12 

12 

3 


Answers to Chapter 2 Labs 



2 . 


AB 2-1 Stop and Analyze 


1. The algorithm will display 306 when the user enters 300 and 
.02 as the current weekly pay and raise percentage, respec¬ 
tively. The algorithm will display 512.50 when the user enters 
500 and .025 as the current weekly pay and raise percentage, 
respectively. 


Input 

current weetely pay 
raise percentage 


Processing 

Processing items; 
raise 


Output 

new weetely pay 


Algorithm; 

1. enter the current weetely pay 
and raise percentage 

2 . calculate the raise by multiplying 
the current weetely pay 
percentage 

3 . calculate the new weetely pay 

by adding the raise to the current 
weetely pay 

4. display the new weetely pay 


by the raise 


current weetely pay 

raise percentage 

raise 


.02 

5 

500 

.025 

12 . 5 ; 


new weetely pay 
305 
512.50 


3 . 


Input 

current weetely pay 
raise percentage 


Processing Output 

Processing items; none raise 

new weetely pay 
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Algorithm,: 

1. ervter the turremt weetely pay 
arvd raise pertemtage 

2 . tabulate the raise by m-ultlplylmg 
the turremt weetely pay by the raise 
pertervtage 

3 . tabulate the rvew weefely pay 

by addling the raise to the turrervt 
weefely pay 

4. display the raise air,d w,ew 
weetely pay 

turremt weefely pay 

^QQ 

500 


raise pertervtage 

raise 

view weefely pay 

.£>2 


32A 

A2A 

12. SO 

512 .50 





AB 2-2 Plan and Create 


No answer required. 


AB 2-3 Modify 


Input 

iA.um.ber of eights 
per-^lght rate 
room, servlte tharge 
telephone tharge 
eiA,tertaiiA,m.eiA,t tax rate 


Processing 

Protesslug Item,s; 
room, tharge 
eiA,tertaliA,m.eiA,t tax 


Output 

total bill 


Algorithm,: 

1. eiAter the r,um,ber of eights,, 
pem^lght rate, room, servlte 
tharge, telephone tharge, awd 
ervtertaiiA,m,eir,t tax rate 

2 . tabulate the room, tharge by 
m,ultlplyliA,g the iA.um.ber of 
eights by the per-rvlght rate 

3. tabulate the eiA.tertaliA,m.en,t 
tax by m.ultlplyliA,g the room, 
tharge by the eiA,tertaliA,m,eiA,t 
tax rate 

4. tabulate the total bill by 
adding togetherthe room, 
tharge, £M,tertaiiA,m.eiA,t tax, 
room, servlte tharge, aiA,d 
telephone tharge 

5. display the total bill 
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tV±tYtai\AWLt\Afc 

tax rate 
.os 

.03 


roowi 

erutertalirmeiAt 

total 

charge 

tax 

bill 


to.so 

230.50 

7-00 

21 

>52 


vui ruber 
of m-ghts 
3 

7 


permlght 

rate 

TO 

■too 


room service 
charge 
© 

25T 


telephone 

charge 

to 

0? 



Lab 2-4 

Desk-Check 


assessed value 

tax rate 

ai/uvual property tax 

-f r\J\.r\r\r\ 


'LSGC 

_LLX ~ LX LX LX 

23j)000 

trtS 

3748.50 

8 &ooo 

$8 

843.80 



AB 2-5 Debug 


-first number second number third loumber sum average 

O ztr r ~2 -f 4. -f no -? 4. 

e»<0 0 1/ ^ - X —1 I .1 1 ✓ ^ I 

33 5S> 70 155 53 


Answers to Chapter 3 Mini-Quizzes 

Mini-Quiz 3-1 

1. one 

2. a. quantity 

3. c. COMMISSION_RATE 

4. variables and named constants 


Mini-Quiz 3-2 

1. b. False 


2. c. 100000 
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3. 98,01100010 

4. d. both a and c 


Mini-Quiz 3-3 

1. b. '%’ 

2. d. all of the above 

3. 10 

4. int population = 0; 

5. const double MAX_PAY = 25.55; 



Answers to Chapter 3 Labs 



AB 3-1 Stop and Analyze 


1. The problem requires three memory locations. 

2 . The problem requires three variables, but no named con¬ 
stants. Variables were chosen so that the values of the input 
and output items can vary during runtime. 


3 . The input and output items could be stored in either float or doubl e 
memory locations. 


4 . 


double currentPay = 0.0; 
double raiseRate = 0.0; 
double newPay = 0.0; 


const double RAISE_RATE = .02; 


I 



AB 3-2 Plan and Create 


No answer required. 
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634 


& 


1 


AB 3-3 Modify 


The modifications made to Figure 3-17 are shaded in the IPO 
chart. 


Input Processing Output 

radius Processing items: area 

pi ( 3 . 14 ) radius squared 

Algorithm; 

1 . enter the radius 

2 . calculate the radius, squared by multiplying 
the radius by itself 

3 . calculate the area by multiplying the radius 
scyuartd by pi 

4. display the area 

The modifications made to Figure 3-20 are shaded in the IPO chart informa¬ 
tion and C++ instructions. 


IPO chart information 
Input 

radius 
pi (3.14) 

Processing 

radius squared 

Output 

area 


C++ instructions 

double radius = 0.0; 
const double PI = 3.14; 


double radiusSquared = 0.0; 

double area = 0.0; 




1 


AB 3-4 Desk-Check 


The modifications made to Figure 3-18 are shaded in the manual 
calculations. 


First desk-check 

4 (radius) 

* 4 (radius) 

16 (radius squared) 
8 3.14 (pi) 


50.24 (area) 


Second desk-check 

5.5 (radius) 

* 5.5 (radius) 

30.25 (radius squared) 

* 3.14 (pi) 


94.985 (area) 


The modifications made to Figure 3-19 are shaded in the desk-check table. 


radius pi radius sc\uartd 

T fH 

5.5 3.14 #8.3:5 


area 
50.u - 

j)- 4-^85 
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AB 3-5 Debug 


The modifications made to Figure 3-21 are shaded in the C++ 
instructions column. 


IPO chart information 
Input 

first number 
seoDruf number 
third i/urmber 

Processing 

Sum 

Output 

average 


C++ instructions 

do utlje first = 0.0; 
double second = 0.0; 
double third = 0.0; 

double sum = O.Of 

double average = 0.0; 



Answers to Chapter 4 Mini-Quizzes 

Mini-Quiz 4-1 

1. b. cin » grossPay; 

2. c. cout « grossPay; 

3. d. all of the above 

4. « 


Mini-Quiz 4-2 

1. grossPay = 9.55 * hours; 

2. grossPay = 9.55 * static_cast<double>(hours); 

3. The expression evaluates to 13.5. It should evaluate to 15.75. The 
expression evaluates incorrectly because dividing the integer 7 by the 
integer 2 results in the integer 3 rather than in the doubl e number 
3.5. Multiplying the integer 3 by the doubl e number 4.5 results in the 
incorrect answer of 13.5. 

4. You can use any of the following expressions. You also can use the 
stati c_cast operator to type cast at least one of the integers in the 
expression. 
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7.0 / 2.0 * 4.5 
7.0 / 2 * 4.5 
7 / 2.0 * 4.5 



Mini-Quiz 4-3 


1. syntax 

2. c. source 

3. 10 

4. age += 1; 


Answers to Chapter 4 Labs 



AB 4-1 Stop and Analyze 


When evaluating the total Cost = numberOf Peopl e 
* costPerPerson ; statement, the computer converts 
the integer stored in the numberOf Peopl e variable to the 
doubl e number 10.0 before multiplying it by the value 
stored in the costPerPerson variable (the doubl e number 
7.45). The result is the doubl e number 74.5, which the com¬ 
puter assigns to the doubl e variable total Cost. The value 
assigned to the total Cost variable is correct. 


. When evaluating the numberOf Peopl e = numberOf Peopl e 
/ 2 ; statement, the computer divides the integer 10 by the inte¬ 
ger 2. The result is the integer 5, which the computer assigns 
to the numberOf Peopl e variable. The value assigned to the 
numberOf Peopl e variable is correct. 


3. When evaluating the costPerPerson = costPerPerson + 3; 
statement, the computer converts the integer 3 to the double num¬ 
ber 3.0 before adding it to the value stored in the costPerPerson 
variable (the doubl e number 7.45). The result is the doubl e number 
10.45, which the computer assigns to the costPerPerson variable. 
The value assigned to the costPerPerson variable is correct. 

. When evaluating the average = scorel + score2 / 2; state¬ 
ment, the computer converts the integer 2 to the doubl e number 
2.0 before dividing it into the value stored in the score2 variable 
(the doubl e number 90.0). The result is the doubl e number 45.0, 
which the computer adds to the value stored in the scorel variable 
(the doubl e number 100.0). The result is the doubl e number 145.0, 
which the computer assigns to the doubl e variable average. The 
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value assigned to the average variable is incorrect. You can fix the 
statement as follows: average = (scorel + score2) / 2; 

. When evaluating the avgSal es = (juneSales + julySales) 

/ 2; statement, the computer adds the integer stored in the 
juneSal es variable (933) to the integer stored in the julySal es 
variable (1216). The result is the integer 2149, which the computer 
divides by the integer 2. The quotient is the integer 1074, which the 
computer converts to the doubl e number 1074.0 before assign¬ 
ing it to the doubl e variable avgSal es. The value assigned to the 
avgSal es variable is incorrect. Two ways you can fix the statement 
are shown here: 

avgSales = (juneSales + julySales) / 2.0; 
avgSales = static_cast<double>(juneSales 
+ julySales) / 2; 




AB 4-2 Plan and Create 


No answer required. 



AB 4-3 Modify 


The modifications made to the Lab4-2.cpp file are shaded. 


//Lab4-3.cpp - displays the total owed 
//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

int main() 

{ 

//declare variables and named constants 


double hours = jffJB; 

double totalOwed = 0.0; 

const int FEE_PER_HOUR = 105; 

const int R00M_B0ARD = 2000; 


//enter hours enrolled 
cout « "Hours enrolled? "; 
cin » hours; 

//calculate total owed 

totalOwed = hours * FEE_PER_H0UR + R00M_B0ARD; 
//display total owed 

cout « "Total owed: $" « totalOwed « endl; 
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system("pause"); 
return 0; 

} //end of main function 




AB 4-4 Desk-Check 


i awaa. answer 

y-s o 

i 


LAB 4-5 Debug 


To debug the program, the student needs to convert at least one of the items 
on the right side of the assignment operator in the rai se = sal ary * 

3 / 100 ; statement to the doubl e data type. For example, the student 
can use raise = salary * 3 / 100.0;, raise = salary * 3.0 
/ 100, or static_cast<double>(salary) * 3 / 100;, or static_ 
cast<double>(salary) * 3.0 / 100.0;. 


Answers to Chapter 5 Mini-Quizzes 

Mini-Quiz 5-1 

1. t\A-d. if 

2. b. False 

3. a. diamond 


Mini-Quiz 5-2 

1. d. none of the above 

2. c. if (quantity == 100) 

3. a. if (sales >= 300.99) 

4. c. ! = 
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Mini-Quiz 5-3 


1. true 


2. false 


639 


3. false 

4. b. if (age >= 30 && age <= 40) 

5. a. if (code == ' R' | | code == 'r') 


Mini-Quiz 5-4 

1. d. cout « fixed « setprecision(2) ; 

2. c. letter = tolower(letter) ; 

3. d. 34.650000 


Answers to Chapter 5 Labs 



—^ 1. The number .03 will be assigned to the rate variable when 

the user enters a pay grade of 1. The number .02 will be 
assigned to the rate variable when the user enters either 3 
or 5 as the pay grade. 

2 . The directive on Line 5 is necessary because the program uses the 
setpreci sion stream manipulator. 

3 . The 1 in the i f statement is enclosed in single quotation marks 
because the payGrade variable’s data type is char. 

if (payGrade != '1') 
rate = .02; 

el se 

rate = .03; 

//end if 

5 . You also can write the sal ary = salary + salary * rate; 
statement as follows: 


salary = salary * (1 + rate); 











APPENDIX A 


Answers to Mini-Quizzes and Labs 



6. You would need to remove the doubl e rate = 0.0; and sal ary 
= salary + salary * rate ; statements. You also would need 
to change the rate = . OB ; statement to sal ary = salary 
+ salary * .03 and change the rate = . 02 ; statement to 
salary = salary + salary * .02;. 



AB 5-2 Plan and Create 


No answer required. 



AB 5-3 Modify 


if (totalCals < 0 || fatGrams < 0) 
cout << "Input error" « endl; 

el se 

{ 

//calculate and display the output 
fatCals = fatGrams * 9; 

fatPercent = static_cast<double>(fatCals) 

/ static_cast<double>(totalCals) * 100; 
cout « "Fat calories: " « fatCals « endl; 
cout « fixed « setprecision(0) ; 
cout « "Fat percentage: " « fatPercent 
« « endl; 

} //end if 


» 



AB 5-4 Desk-Check 


Letter 

P 


When the user enters the letter P, the compound condition in the first i f 
statement evaluates to true, and the statement’s true path displays the “Pass” 
message on the computer screen. Although the correct message already 
appears on the screen, the computer still evaluates the second i f statement’s 
compound condition, which determines whether to display the “Fail” mes¬ 
sage. The second evaluation is unnecessary and makes the code inefficient. 
You can fix the code by deleting the first //end if comment and replacing 
the if (letter != ' P' || letter != ' p ') clause with el se. 












Answers to Chapter 6 Mini-Quizzes 



AB 5-5 Debug 


To debug the program, the student needs to change i f (code = 
'2') to if (code == '2'). 


Answers to Chapter 6 Mini-Quizzes 



Mini-Quiz 6-1 

1. If (the test sc-ore Is at least 
display “^reat score!" 
else 

If (the test score Is yo through SJ) 
display "qood score" 
else 

display "Retafee the test" 
end If 
end If 


2 . 



3. if (score >= 90) 

cout « "Great score!" « endl; 
el se 

if (score >= 70) 

cout « "Good score" « endl; 
el se 

cout « "Retake the test" « endl; 
//end if 
//end if 

4. a. membership status, day of the week 
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Mini-Quiz 6-2 

1. Using a compound condition rather than a nested selection structure 
Reversing the decisions in the outer and nested selection structures 
Using an unnecessary nested selection structure 

2. Using an unnecessary nested selection structure 


Mini-Quiz 6-3 

1. if (score >= 90) 

cout « "Great score!" « endl; 
else if (score >= 70) 

cout « "Good score" « endl; 
else if (score >= 0) 

cout « "Retake the test" « endl; 
el se 

cout « "Invalid test score" « endl; 
//end if 

2. b. case 2: 

3. break 


Answers to Chapter 6 Labs 



AB 6-1 Stop and Analyze 


6 . The program will display the number 35 when the code is C. 

if (code == 'S') 
fee = 40; 
el se 

if (code == 'F') 
fee = 50; 
el se 

if (code == 'A') 
fee = 30; 
el se 

if (code == 'C') 
fee = 35; 
el se 

fee = 0; 

//end if 
//end if 
//end if 
//end if 
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if (code == 'S') 
fee = 40; 

else if (code == 'F') 
fee = 50; 

else if (code == 'A') 
fee = 30; 

else if (code == 'C') 
fee = 35; 
el se 

fee = 0; 

//end if 

9 . switch (code) 

{ 

case 'S': 

fee = 40; 
break; 
case 'F': 

fee = 50; 
break; 
case 'A': 

fee = 30; 
break; 
case 'C' : 

fee = 35; 
break; 
default; 

fee = 0; 

} //end switch 

10. switch (code) 

{ 

case 'S': 

cout « 40 « endl ; 
break; 
case 'F': 

cout « 50 « endl ; 
break; 
case 'A': 

cout « 30 « endl ; 
break; 
case 'C' : 

cout « 35 « endl ; 
break; 
default; 

cout « "Invalid code"; 
} //end switch 
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AB 6-2 Plan and Create 


No answer required. 




AB 6-3 Modify 


//Lab6-3.cpp - displays a salesperson's commission 
//Created/revised by <your name> on ccurrent date> 


#include <iostream> 

#include <iomanip> 
using namespace std; 

int main() 

{ 

//declare variables 
int sales = 0; 

double commission = 0.0; 
char code = ' '; 

//enter the code 

cout « "Code (1, 2, or 3): 

cin » code; 


//determine whether the code is valid 
if (code != '1' && code != '2' && code != '3') 
cout « "Invalid code" « endl; 
el se 
{ 

//enter the sales 
cout « "Sales: "; 
cin » sales; 

//determine whether the sales are valid 
if (sales < 0) 

cout « "The sales cannot be less than 0." « endl; 
el se 
{ 

//calculate and display the commission 
switch (code) 

{ 

case '1': 

commission = sales * .02; 
break; 
case '2': 

commission = (sales - 100000) * .05 + 2000; 
break; 
case '3': 

commission = (sales - 400000) * .1 + 17000; 
break; 

} //end switch 
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cout « fixed « setprecision(2) ; 
cout « "Commission: $" « commission « endl; 
} //end if 
} //end if 

system("pause"); 
return 0; 

} //end of main function 




AB 6-4 Desk-Check 


number 

a 

a 

=t 

a 


aa 

a 

SO 



AB 6-5 Debug 


The modifications are shaded in the code. 


//Lab6-5.cpp - displays the salary associated with a code 

//Codes Salary 

//I $45,000 

//2, 5 $33,000 

//3, 4 $25,000 

//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

int main() 

{ 

//declare variable 
int code = 0; 

//get code 

cout « "Enter the code (1 through 5): 
cin » code; 

//display salary 
if (code == 1) 

cout « "$45,000" « endl; 
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else if (code == 2 || code == 5) 
cout « "$33,000" « endl; 
else if (code == 3 || code == 4 ) 
cout « "$25,000" « endl; 
el se 

cout « "Entry error" « endl; 
//end if 

systemC'pause") ; 
return 0; 

} //end of main function 


Answers to Chapter 7 Mini-Quizzes 

Mini-Quiz 7-1 

1. while (quantity > 0) 

2. while (quantity >= 0) 

3. while (inStock > reorder) 

4. while (toupper(letter) == 'Y') [Youalso can use whi 1 e 
(tolower(letter) == 'y')orwhile (letter == 'Y' | 
letter == 'y'). 

5. a. -9 


Mini-Quiz 7-2 

1. a. accumulators 

2. quantity += 2; (orquantity = quantity + 2;) 

3. total -= 3; (or total = total - 3; or total += -3; or 
total = total + -3;) 

4. total Purchases += purchases; (or total Purchases = 
total Purchases + purchases;) 
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Mini-Quiz 7-3 

1. while (evenNum < 9) 

{ 

cout « evenNum « endl ; 

evenNum += 2; (or evenNum = evenNum + 2) 

} //end while 

2. a. for (int x = 10; x <= 100; x = x + 10) 

3. d. 110 

4. for (int x = 25; x > 0; x = x - 5) (Youalso can use 
x -= 5 as the update argument.) 

5. 0 

6. for (int num = 2; num < 9; num += 2) (You also can use 
num = num + 2 as the update argument.) 



Answers to Chapter 7 Labs 



AB 7-1 Stop and Analyze 


1. The program inputs a temperature. It uses two processing 
items: a counter that keeps track of the number of tempera¬ 
tures and an accumulator that totals the temperatures. The 
program displays the average temperature. 


2 . The number 999 was chosen as a sentinel value because it’s not a valid 
outside temperature. A negative number was not chosen as a sentinel 
value because the temperature outside can be below zero. 


3 . The selection structure on Lines 32 through 43 is necessary to pre¬ 
vent the program from calculating the average temperature when the 
counter variable (numberOfTemps) contains the number 0. Dividing 
by zero causes the program to end abruptly with an error. 


Although the statement on Lines 35 and 36 doesn’t need both type 
casts, it does need at least one of them. Without at least one type cast, 
the quotient obtained when dividing the contents of the totalTemp 
variable by the contents of the numberOf Temps variable would be 
an integer (rather than a doubl e number). This is because both of 
those variables have the int data type; when you divide two integers, 
the result is an integer. At least one type cast is needed to force the 
computer to perform the division using doubl e numbers, which will 
result in a quotient that also is a doubl e number. 


5 . Thecout « fixed « setpreci si on (1) ; statement on Line 37 
tells the computer to display the output in fixed-point notation with 
one decimal place. 
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6 . 


7 . 


8 . 

9 . 

10 . 


The numberOf Temps counter variable keeps track of the number of 
temperatures entered. Therefore, it should be initialized to 0 at the 
beginning of the program and then updated only when a temperature 
has been entered. 


The average temperature is 76.666... (with the 6 repeating). 


iA,u.m,berO-prem,ps 

tot a iTeu/cp 

t em.T> 

average 

& 

a 

& 


i 

5 ^? 

5 *? 


3 


85 


3 

230 

333 


The program displays 76.7. 



The program displays the 

“No temperatures were entered.” 

message. 

The program displays the 

“No temperatures were entered.” 

message. 


//Lab7-l.cpp - calculates and displays the average temperature 
//Created/revised by <your name> on <current date> 


#include <iostream> 

#include <iomanip> 
using namespace std; 

int main() 

{ 

//declare variables 
int numberOfTemps = 0; //counter 
int totalTemp = 0; //accumulator 
int temp = 0; 

double average = 0.0; 

//get first temperature 

cout « "First temperature (999 to stop): 
cin » temp; 

for (; temp != 999;) 

{ 

//update counter and accumulator 
numberOfTemps += 1; 
totalTemp += temp; 

//get remaining temperatures 

cout « "Next temperature (999 to stop): "; 

cin » temp; 

} //end for 

//verify that at least one temperature was entered 
if (numberOfTemps > 0) 

{ 

//calculate and display average temperature 
average = static_cast<double>(totalTemp) / 
static_cast<double>(number0fTemps); 
cout « fixed « setprecision(l) ; 
cout « endl « "Average temperature: " 

« average « endl; 


} 
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el se 

cout « "No temperatures were entered." « endl; 
//end if 

system("pause"); 
return 0; 

} //end of main function 

11. The average temperature is 14.8. 




AB 7-2 Plan and Create 


No answer required. 



AB 7-3 Modify 


The program displays the correct total points (255) and grade (C). 
The program shows that the professor entered 7 scores. 


//Lab7-3.cpp - displays the total points earned and grade 
//Created/revised by <your name> on <current date> 


#include <iostream> 


using namespace std; 

int main() 

{ 

//declare variables 

int score = 0; 

int total Points = 0; //accumulator 

char grade = ' '; 

int numScores = 0; //counter 

//get first score 

cout « "First score (-1 to stop): 
cin » score; 

while (score != -1) 

{ 

//update accumulator and counter, then get another score 
total Points += score; 
numScores += 1; 

cout « "Next score (-1 to stop): "; 
cin » score; 

} //end while 

//determine grade 
if (total Points >= 315) 
grade = 'A'; 
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else if (total Points >= 280) 
grade = 'B'; 

else if (total Points >= 245) 
grade = 'C'; 

else if (total Points >= 210) 
grade = 'D'; 
el se 

grade = 'F' ; 

//end if 

//display the total points, grade, and number of scores 

cout « "Total points earned: " « total Points « endl; 

cout « "Grade: " « grade « endl; 

cout « "Number of scores: " « numScores « endl; 

system("pause"); 

return 0; 

} //end of main function 



AB 7-4 Desk-Check 


First desk-check: 


squared Nunuber 

i/uember 

0 

£ 

£ 

2 


3 

5 

+ 


S 


Corrected code: 

//declare variables 
int squaredNumber = 0; 


for (int number = 1; number <= 5; number = number + 1) 

{ 

squaredNumber = number * number; 
cout « squaredNumber « endl; 

} //end for 


Second desk-check: 


squared Nunuber i/U/<mber 

& £ 

£ 2 

+ 3- 

Of 

£3 <3 

2S 3 
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AB 7-5 Debug 


To debug the program, enter a ci n » pri ce ; statement below 
the cout « "Next price: statement. 


Answers to Chapter 8 Mini-Quizzes 

Mini-Quiz 8-1 

1. 4 

2 . 1 

3. 3 

4. 1 



Mini-Quiz 8-2 

1. b. False 

2. d. semicolon 

3. } while (inStock > reorder); 

4. } while (toupper(letter) == 'Y'); 


Mini-Quiz 8-3 

1. b. False 

2. a. True 

3. a. outer, nested 

4. d. all of the above 
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Answers to Chapter 8 Labs 



AB 8-1 Stop and Analyze 


1. The program contains two pretest loops. It does not contain 
any posttest loops. 


2 . The loop that keeps track of the region number is controlled by a 
counter. The loop’s condition will evaluate to true for the following 
counter values: 1 and 2. A counter value of 3 will make the loop’s con¬ 
dition evaluate to false. 


3 . The loop that keeps track of the sales amounts is controlled by a sen¬ 
tinel value. The valid sentinel values for the loop are any numbers that 
are less than or equal to zero. 

4 . Desk-check: 


soles 

region 

tota iReg lo^vsa Les 

o 

i 

0 

1 000 


1 000 

2 000 


3000 

-l 

2 


4 OO 


34 OO 

500 


3JDO 

-3 

3 



The missing statement on Line 40 is total RegionSales = 0;. 
Without this statement, the program is adding both regions’ sales 
to the accumulator. As a result, it’s displaying $3000 as the total 
sales for Region 1 (which is correct) and $3900 as the total sales for 
Region 2 (which is not correct). The program should be accumulat¬ 
ing each region’s sales separately and then displaying $3000 as the 
total sales for Region 1 and $900 as the total sales for Region 2. The 
total Regi onSal es = 0 ; statement is needed to reset the accumu¬ 
lator to 0 before adding the next region’s sales to it. You can modify 
the comment on Line 38 as follows: //update the counter and 
reset the accumulator. 


5 . 


Desk-check: 



sales 

regloiv 

tota LRegloi/usales 

o 

i 

0 

lOOO 


lOOO 

2 000 


3000 

-i 

2 


0 



4 OO 


4 OO 

500 


j)00 

-3 

3 



The total sales for Region 1 are $3000. The total sales for Region 2 are 
$900. 

6 . The program displays $3000 as Region l’s total sales and $900 as 
Region 2’s total sales. 
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7 . The program displays $3000 as Region l’s total sales and $900 as 
Region 2’s total sales. 

//Lab8-l.cpp - displays each region's total sales 
//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

int main() 

{ 

//declare variables 

int sales = 0; 

int totalRegionSales = 0; //accumulator 

for (int region = 1; region < 3; region += 1) 

{ 

//get current region's first sales amount 
cout « "First sales amount for Region " 

« region « 
cin » sales; 

do //begin loop 

{ 

//add the sales amount to the total 
//for the region 
totalRegionSales += sales; 

//get the next sales amount for the 
//current region 

cout « "Next sales amount for Region " 
« region « "; 

cin » sales; 

} whi1e (sales > 0); 

//display the current region's total sales 
cout « ''****************Region " « region 
« " sales: $" « totalRegionSales 
« endl « endl ; 

//reset the accumulator 
totalRegionSales = 0; 

} //end for 

system("pause"); 
return 0; 

} //end of main function 




LAB 8-2 Plan and Create 


No answer required. 
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.AB 8-3 Modify 


//Lab8-3.cpp - displays a multiplication table 
//Created/revised by <your name> on ccurrent date> 


#include <iostream> 
using namespace std; 


int main() 

{ 

//declare variables 
int multiplicand = 0; 
int product = 0; 

cout « "Multiplicand (negative number to end): " 
cin » multiplicand; 


do //begin loop 

{ 

int multiplier = 1; 
do //begin loop 
{ 

product = multiplicand * multiplier; 
cout « multiplicand « " * " 

« multiplier « " = " 

« product « endl ; 
multiplier += 1; 

} while (multiplier < 10); 

cout « endl; 

cout « "Multiplicand (negative number to end): " 
cin » multiplicand; 

} while (multiplicand >= 0); 


system("pause"); 
return 0; 

} //end of main function 



AB 8-4 Desk-Check 


Desk-check: 

number x 

3 




3 


3 


3 


S' 
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The code will display the following: 

12345 

2345 6 


& 


1 


AB 8-5 Debug 


To debug the program, cut the //update the month counter 
comment and month += 1 ; statement from the nested loop and 
paste them below the cout « endl ; statement in the outer 
loop. Also, change the total Sal es += total Sales + sal es ; statement 
to either total Sal es = total Sales + sal es ; or total Sal es += 
sales;. 



Answers to Chapter 9 Mini-Quizzes 

Mini-Quiz 9-1 

1. b. sqrt(16.0) 

2. c. 25 + rand() % (50 - 25 + 1) 

3. d. none of the above 

4. a. #include <ctime> 


Mini-Quiz 9-2 

1. d. all of the above 

2. a. double getArea() 

3. double getGrossPay (int hours, double rate) 

4. return gross; 


Mini-Quiz 9-3 

1. b. area = getAreaQ ; 


2. c. double getAreaQ ; 
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3. cout « getAreaO ; 

4. double getGrossPay(int hours, double rate); or double 
getGrossPay(int, double); 

5. weekGross = getGrossPay(40, payRate); 


Mini-Quiz 9-4 

1. b. False 

2. b. False 

3. a. True 

4. When the variable appears in a statement in the program, the com¬ 
puter uses the location of the statement to determine which variable 
to use. 


Answers to Chapter 9 Labs 



AB 9-1 Stop and Analyze 


1. The#include <ctime> instruction on Line 5 is necessary 
because the program uses the time function. 


2. The srand(static_cast<int>(time(0))) ; statement on Line 
15 uses the srand and time functions to initialize the random num¬ 
ber generator. 


3. The number 4 will be assigned to the randomNumber variable. 
No answer required. 

5. 


//Lab9-l.cpp - simulates a number guessing game 
//Created/revised by <your name> on ccurrent date> 

#include <iostream> 

#include <ctime> 
using namespace std; 

int main() 

{ 

//declare variables 


int randomNumber = 0; 

int numberGuess = 0; 

int incorrectGuesses = 0; 

char moreGuesses = 'Y'; 
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//generate a random number from 1 through 10 
srand(static_cast<int>(time(0))); 
randomNumber = 1 + rand() % (10 -1+1); 

//get first number guess from user 

cout « "Guess a number from 1 through 10: 

cin » numberGuess; 

while (moreGuesses == 'Y') 

{ 

if (numberGuess != randomNumber) 

{ 

incorrectGuesses += 1; 
if (incorrectGuesses < 4) 

{ 

cout « "Sorry, guess again: 
cin » numberGuess; 

} 

el se 

{ 

cout « endl « "Sorry, the number is " 
« randomNumber « « endl; 

moreGuesses = 'N'; 

} //end if 

} 

el se 

{ 

moreGuesses = 'N'; 

cout « endl « "Yes, the number is " 

« randomNumber « « endl; 

} //end if 

} //end while 

systemC'pause") ; 
return 0; 

} //end of main function 

6 . 

//Lab9-l.cpp - simulates a number guessing game 
//Created/revised by <your name> on <current date> 

#include <iostream> 

#include <ctime> 
using namespace std; 

//function prototype 
int getRandomNumber() ; 

int main() 

{ 

//declare variables 


int randomNumber = 0; 

int numberGuess = 0; 

int incorrectGuesses = 0; 

char moreGuesses = ' Y' ; 
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//generate a random number from 1 through 10 
srand(static_cast<int>(time(0))); 
randomNumber = getRandomNumber(); 

//get first number guess from user 

cout « "Guess a number from 1 through 10: 

cin » numberGuess; 

while (moreGuesses == 'Y') 

{ 

if (numberGuess != randomNumber) 

{ 

incorrectGuesses += 1; 
if (incorrectGuesses < 4) 

{ 

cout « "Sorry, guess again: 
cin » numberGuess; 

} 

el se 

{ 

cout « endl « "Sorry, the number is " 
« randomNumber « « endl; 

moreGuesses = 'N'; 

} //end if 

} 

el se 

{ 

moreGuesses = 'N'; 

cout « endl « "Yes, the number is " 

« randomNumber « « endl; 

} //end if 

} //end while 

system("pause"); 
return 0; 

} //end of main function 

//*****function definitions***** 
int getRandomNumber() 

{ 

int randlnteger = 0; 

//generate random integer from 1 through 10 
randlnteger = 1 + rand() % (10 - 1 + 1); 
return randlnteger; 

} //end of getRandomNumber function 

7 . 

//Lab9-l.cpp - simulates a number guessing game 
//Created/revised by <your name> on ccurrent date> 

#include <iostream> 

#include <ctime> 
using namespace std; 
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//function prototype 

int getRandomNumber(int lower, int upper); 

int main() 

{ 

//declare variables 
int randomNumber 
int numberGuess 
int incorrectGuesses 
char moreGuesses 
int smallest 
int largest 

cout « "Smallest integer: 

cin » smallest; 

cout « "Largest integer: "; 

cin » largest; 

cout « endl; 

//generate a random number from smallest through largest 

srand(static_cast<int>(time(0))) ; 

randomNumber = getRandomNumber(smal1est, largest); 

//get first number guess from user 

cout « "Guess a number from " « smallest « " through " 
« largest « ": "; 
cin » numberGuess; 

while (moreGuesses == 'Y') 

{ 

if (numberGuess != randomNumber) 

{ 

incorrectGuesses += 1; 
if (incorrectGuesses < 4) 

{ 

cout « "Sorry, guess again: "; 
cin » numberGuess; 

} 

el se 

{ 

cout « endl « "Sorry, the number is " 

« randomNumber « « endl; 

moreGuesses = 'N'; 

} //end if 

} 

el se 

{ 

moreGuesses = 'N'; 

cout « endl « "Yes, the number is " 

« randomNumber « « endl; 

} //end if 

} //end while 

system("pause"); 
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return 0; 

} //end of main function 

//****" ,; function definitions***** 

int getRandomNumber(int lower, int upper) 

{ 

int randlnteger = 0; 

//generate random integer from lower through upper 
randlnteger = lower + rand() % (upper - lower + 1); 
return randlnteger; 

} //end of getRandomNumber function 



AB 9-2 Plan and Create 


No answer required. 



AB 9-3 Modify 


//Lab9-3.cpp - displays two monthly car payments 
//Created/revised by <your name> on ccurrent date> 


#include <iostream> 
#include <cmath> 
#include <iomanip> 
using namespace std; 


//function prototype 

double getPayment(int, double, int); 

int main() 

{ 

//declare variables 
int carPrice = 0; 

int rebate = 0; 

double creditRate = 0.0; 
double dealerRate = 0.0; 
int term = 0; 

double creditPayment = 0.0; 
double dealerPayment = 0.0; 
char again = 'Y'; 

do 

{ 

//get input items 

cout « "Car price (after any trade-in): " 
cin » carPrice; 
cout « "Rebate: "; 
cin » rebate; 
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cout « "Credit union rate: 
cin » creditRate; 
cout « "Dealer rate: 
cin » dealerRate; 
cout « "Term in years: 
cin » term; 

//convert rates to decimal format, if necessary 
if (creditRate >= 1.0) 
creditRate /= 100; 

//end if 

if (dealerRate >= 1.0) 
dealerRate /= 100; 

//end if 

//call function to calculate payments 
creditPayment = getPayment(carPrice - rebate, 
creditRate / 12, term * 12); 
dealerPayment = getPayment(carPrice, 
dealerRate / 12, term * 12); 

//display payments 

cout « fixed « setprecision(2) « endl ; 
cout « "Credit union payment: $" 

« creditPayment « endl ; 

cout « "Dealer payment: $" 

« dealerPayment « endl; 

if (creditPayment < dealerPayment) 

cout « "Take the rebate and finance through the 
credit union." « endl; 
el se 

if (creditPayment > dealerPayment) 
cout « "Don't take the rebate. Finance through 
the dealer. " « endl; 
el se 

cout « "You can finance through either one." 

« endl ; 

//end if 
//end if 

cout « endl « "Make another calculation? (Y/N): " 
cin » again; 
cout « endl; 

} while (toupper(again) == 'Y'); 

system("pause"); 
return 0; 

} //end of main function 

//*****function defini tions***** 
double getPayment(int prin, 

double monthRate, 
int months) 
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{ 

//calculates and returns a monthly payment 
double monthPay = 0.0; 
monthPay = prin * monthRate / 

(1 - pow(monthRate + 1, -months)); 
return monthPay; 

} //end of getPayment function 



Lab 9-4 

Desk-Check 



Desk-check: 
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AB 9-5 Debug 


To debug the program, change the statement that calls 
the getDepreciation function to depreciation = 
getDepreciation(cost, salvage, lifeYears);. 



Answers to Chapter 10 Mini-Quizzes 

Mini-Quiz 10-1 

1. void 

2. displayTaxes(federalTax, localTax); 

3. void displayTaxes(double fedTax, double stateTax) 

4. b. False 


Mini-Quiz 10-2 

1. a. void getInput(double &hours, double &rate) 

2. b. getInput(hoursWI<d, payRate) ; 

3. void getInput(double &hours, double &rate); or voi d 
getInput(double &, double &); 

4. a. True 


Mini-Quiz 10-3 

1. void calcTaxes(double pay, double &fedTax, double 
&stateTax) 

2. calcTaxesCgross, federal, state); 

3. void calcTaxes(double pay, double &fedTax, double 
&stateTax); or void calcTaxes(double, double &, 
double &); 

4. b. False 
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Answers to Chapter 10 Labs 



AB 10-1 Stop and Analyze 


1. The function prototype on Lines 11 through 13 and the 
function header on Lines 77 through 79. 


2 . The ameri canDol s and conversionRate variables are passed 
by value because the convertDol s function needs to know 
their values but does not need to change their contents. The 
convertedCurrency variable is passed by reference because the 
convertDol s function needs to store a value (the converted dollars) 
inside the variable. 


3 . The di spl ayMenu function is a void function because it does not 
return a value after completing its task. 

4 . Line 35 contains the priming read. Line 61 contains the update read. 

5. You would need to modify the function as shown here: 

double convertDols(double dollars, double convertRate) 

{ 

double converted = 0.0; 
converted = dollars * convertRate; 
return converted; 

} //end of convertDols function 

You also need to change the function prototype on Lines 11 through 

13todouble convertDols(double dollars, double 
convertRate) ; and change the function call on Lines 52 through 
54 to convertedCurrency = convertDolsfamericanDol1ars, 
conversionRate);. 

6 . No answer required. 

7 . 31.53 

8 . 135.58 

9 . 


//Labl0-1.cpp - Converts American dollars to 
//British pounds, Mexican pesos, or Japanese yen 
//Created/revised by <your name> on ccurrent date> 

#include <iostream> 

#include <iomanip> 
using namespace std; 

//function prototypes 

void displayMenu(); 

void convertDols(double dollars, 

double convertRate, 
double &converted); 

void assignRate(int choice, double &convertRate); 
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int main() 

{ 


//declare variables 
int menuChoice 
double americanDol 1 ars 


= 0 ; 

= 0.0 


double conversionRate =0.0 
double convertedCurrency = 0.0 


665 


//display output in fixed-point notation 

//with two decimal places 

cout « fixed « setprecision(2) ; 

//get menu choice 
displayMenuO ; 

cout « "Enter 1, 2, 3, or 4: 
cin » menuChoice; 

while (menuChoice > 0 && menuChoice < 4) 

{ 

//get dollars to convert 

cout « "Number of American dollars: 

cin » americanDol1ars; 

//assign rate 

assignRate(menuChoice, conversionRate); 
convertDols(americanDol 1 ars, 


conversionRate, 
convertedCurrency); 


cout « « convertedCurrency 

« endl « endl ; 

//get menu choice 
displayMenuO ; 

cout « "Enter 1, 2, 3, or 4: 
cin » menuChoice; 

} //end while 

system("pause") ; 
return 0; 

} //end of main function 

//*****function definitions ***** 
void displayMenuO 
{ 

cout « "1 British pounds" « endl; 
cout « "2 Mexican pesos" « endl; 
cout « "3 Japanese yen" « endl ; 
cout « "4 Stop program" « endl; 

} //end of displayMenu function 

void convertDols(double dollars, 


double convertRate, 
double &converted) 


{ 


converted = dollars * convertRate; 
} //end of convertDols function 
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void assignRate(int choice, double &convertRate) 

{ 

//declare constants 
const double BRITISH_RATE = .630676; 
const double MEXICAN_RATE = 13.5584; 
const double 3APANESE_RATE = 88.7626; 
if (choice == 1) 

convertRate = BRITISH_RATE; 
else if (choice == 2) 

convertRate = MEXICAN_RATE; 

el se 

convertRate = 3APANESE_RATE; 

//end if 

} //end of assignRate function 

10 . 

//Labl0-1.cpp - Converts American dollars to 
//British pounds, Mexican pesos, or Japanese yen 
//Created/revised by <your name> on ccurrent date> 

#include <iostream> 

#include <iomanip> 
using namespace std; 

//function prototypes 

void displayMenu(); 

double convertDols(double dollars, 

double convertRate); 

void assignRate(int choice, double &convertRate); 

int main() 

{ 

//declare variables 
int menuChoice = 0; 

double americanDol1ars = 0.0; 

double conversionRate = 0.0; 

double convertedCurrency = 0.0; 

//display output in fixed-point notation 

//with two decimal places 

cout « fixed « setprecision(2) ; 

//get menu choice 
displayMenuO ; 

cout « "Enter 1, 2, 3, or 4: 
cin » menuChoice; 

while (menuChoice > 0 && menuChoice < 4) 

{ 

//get dollars to convert 

cout « "Number of American dollars: "; 

cin » americanDol1ars; 

//assign rate 

assignRate(menuChoice, conversionRate); 
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convertedCurrency = 

convertDols(americanDollars, conversionRate); 
cout « « convertedCurrency 

« endl « endl ; 

//get menu choice 
displayMenu() ; 

cout « "Enter 1, 2, B, or 4: 
cin » menuChoice; 

} //end while 

system("pause"); 
return 0; 

} //end of main function 

/ /**** "function defini ti ons* * * * * 
void displayMenu() 

{ 

cout « "1 British pounds" « endl; 
cout « "2 Mexican pesos" « endl; 
cout « "3 Japanese yen" « endl ; 
cout « "4 Stop program" « endl; 

} //end of displayMenu function 

double convertDols(double dollars, 

double convertRate) 

{ 

double converted = 0.0; 
converted = dollars * convertRate; 
return converted; 

} //end of convertDols function 

void assignRate(int choice, double &convertRate) 

{ 

//declare constants 
const double BRITISH_RATE = .630676; 
const double MEXICAN_RATE = 13.5584; 
const double JAPANESE_RATE = 88.7626; 

if (choice == 1) 

convertRate = BRITISH_RATE; 
else if (choice == 2) 

convertRate = MEXICAN_RATE; 

el se 

convertRate = JAPANESE_RATE; 

//end if 

} //end of assignRate function 




,AB 10-2 Plan and Create 


No answer required. 
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.AB 10-3 Modify 


//LablO-3.cpp - displays the number of units of 
//electricity used and the total charge 
//Created/revised by <your name> on ccurrent date> 


#include <iostream> 

#include <iomanip> 
using namespace std; 

//function prototypes 

void getlnput(int &newReading, int &oldReading); 
void getUnits(int curRead, int prevRead, int &numllnits); 
double getTotal(int numllnits, double chgPerUnit, double 
&totChg); 

void displayBi11(int used, double charge); 


int main() 

{ 

//declare constant and variables 
const double UNIT_CHG = .09; 


int current = 0; 

int previous = 0; 

int units = 0; 

double total = 0.0; 


cout « fixed « setprecision(2) ; 

//call functions 
getlnput(current, previous); 
getUnits(current, previous, units); 
total = getTotal(units, UNIT_CHG, total); 
displayBi11(units, total); 

systemC'pause") ; 
return 0; 

} //end of main function 

//*****function definitions***** 

void getlnput(int &newReading, int &oldReading) 

{ 

cout « "Current reading: "; 
cin » newReading; 
cout << "Previous reading: "; 
cin » oldReading; 

} //end of getlnput function 

void getUnits(int curRead, int prevRead, int &numllnits) 

{ 

numllnits = curRead - prevRead; 

} //end of getUnits function 

double getTotal (int numllnits, double chgPerUnit, double 
&totChg) 

{ 


totChg = numllnits * chgPerUnit; 
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return totChg; 

} //end of getTotal function 

void displayBi11(int used, double charge) 

{ 

cout « "Units used: " « used « endl ; 
cout « "Total charge: $" « charge « endl; 
} //end of displayBill function 



1 


AB 10-4 Desk-Check 
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AB 10-5 Debug 


To debug the program, change the function prototype to voi d 

assignGradefint pointsEarned, char &letter); 
and change the function header to voi d assi gnGradefi nt 
pointsEarned, char &letter). 




Answers to Chapter 11 Mini-Quizzes 

Mini-Quiz 11-1 

1. a. int quanti ti es [20] = {0}; 

2. quanti ti es [0] 

3. quanti ti es [19] 

4. quantities[3] = 7; 

5. c. total = getTotal (quantities, 20); 
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Mini-Quiz 11-2 

1. c. total += orders[2]; 

2. c. if (orders[3] > 25) 

3. bonus = sales[0] * .15; 

4. c. if (sub >= 0 && sub < 10) 

5. a. while (x < 20) 


Mini-Quiz 11-3 

1. if (prices[x] < lowest) 

2. sorting 

3. for (int x = 0; x < 10; x += 1) 

orders[x] -= 3; 

//end for 


Answers to Chapter 11 Labs 



AB 11-1 Stop and Analyze 


1. The domestic and international arrays are parallel 

arrays because the elements in one array are related by their 
subscripts to the elements in the other array. For example, 
the first element in both arrays contains the sales made in 
January The second element contains the February sales and 
so on. 


2 . The domes ti c [1] element contains 45000. 

3 . The total company sales made in February can be calculated by add¬ 
ing the contents of the domesti c [1] element to the contents of the 
international [1] element. 


4 . The highest subscript in the i nternational array is 5. 

5 . The assignment statement would need to be changed to total Sal es 
+= domestic[x - 1] + international[x - 1];. 

6 . No answer required. 
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7 . 


//Labll-1.cpp - calculates the total domestic sales, 
//total international sales, and total sales 
//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 


int main() 


{ 


//declare arrays and variable 
int domestic[6] = {12000, 

67000, 

int international[6] = {10000, 

23000, 


45000, 32000, 
24000, 55000}; 
56000, 42000, 
12000, 34000}; 


int total Sales = 0; //accumulator 
int totalDomestic = 0; //accumulator 
int totallnternational = 0; //accumulator 


//accumulate sales 

for (int x = 0; x < 6; x += 1) 

{ 

totalDomestic += domestic[x]; 
totallnternational += international[x]; 
totalSales += domestic[x] + international[x]; 
} //end for 


//display total domestic sales, total 
//international sales, and total sales 
cout « "Total domestic sales: $" 

« totalDomestic « endl ; 
cout « "Total international sales: $" 

« totallnternational « endl; 
cout « "Total sales: $" « totalSales « endl; 


system("pause"); 
return 0; 

} //end of main function 



8 . 

//Labll-1.cpp - calculates the total domestic sales, 
//total international sales, total sales, and 
//total sales made in each month 

//Created/revised by <your name> on <current date> 

#include <iostream> 
using namespace std; 

int main() 

{ 

//declare arrays and variable 

int domestic[6] = {12000, 45000, 32000, 

67000, 24000, 55000}; 

int international[6] = {10000, 56000, 42000, 

23000, 12000, 34000}; 
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} 


int total Sales 
int totalDomesti c 
int totallnternational 
int monthSales[6] 


= 0; //accumulator 
= 0; //accumulator 
= 0; //accumulator 
= { 0 }; 


//accumulate sales 

for (int x = 0; x < 6; x += 1) 

{ 

totalDomestic += domestic[x]; 
totallnternational += international[x]; 
totalSales += domestic[x] + international[x]; 
monthSales[x] = domestic[x] + international[x]; 
} //end for 


//display total domestic sales, total 
//international sales, and total sales 
cout « "Total domestic sales: $" 

« totalDomestic « endl ; 
cout « "Total international sales: $" 

« totallnternational « endl; 
cout << "Total sales: $" « totalSales « endl; 


//display total sales made in each month 
for (int x = 0; x < 6; x += 1) 

cout « "Month " « x + 1 « " sales: $" 
« monthSales[x] « endl; 

//end for 


systemC'pause") ; 
return 0; 

//end of main function 



AB 11-2 Plan and Create 


No answer required. 



AB 11-3 Modify 


//Labll-3.cpp 

//Stores monthly rainfall amounts in an array 
//Displays the monthly rainfall amounts or the 
//total annual rainfall amount 

//Created/revised by <your name> on ccurrent date> 


#include <iostream> 
using namespace std; 

//function prototypes 

void displayMonthly(double rain[], int numElements); 
double getTotal(double rain[], int numElements); 
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int main() 

{ 


//declare array and variables 


double rainfal1[12] 
int choice 



double totalRainfal1 = 0.0; 

//get rainfall amounts 

for (int x = 0; x < 12; x += 1) 

{ 

cout « "Enter rainfall for month " « x + 1 « ": 
ci n » rainfal1[x]; 

} //end for 

do 

{ 

//display menu and get menu choice 
cout « endl; 

cout « "1 Display monthly amounts" « endl; 
cout « "2 Display total amount" « endl; 
cout « "3 End program" « endl; 
cout « "Enter your choice: "; 
cin » choice; 

if (choice != 1 && choice != 2 && choice != 3) 
cout « "Invalid choice" « endl « endl; 


el se 


{ 

//call appropriate function or end program 
if (choice == 1) 

displayMonthly(rainfal1, 12); 
el se 

if (choice == 2) 

{ 

totalRainfal1 = getTotal(rainfal 1 , 12); 
cout « "Total rainfall: " 

« totalRainfal1 « endl; 

} //end if 
//end if 
} //end if 

} whi1e (choice != 3) ; 

system("pause") ; 
return 0; 

} //end of main function 
//****'" f u n c t i o n definitions* * * * * 

void displayMonthly(double rain[], int numElements) 

{ 

cout « "Monthly rainfall amounts:" « endl; 
for (int x = 0; x < 12; x += 1) 
cout « rain[x] « endl; 

//end for 

} //end of displayMonthly function 





APPENDIX A 


Answers to Mini-Quizzes and Labs 



double getTotal(double rain[], int numElements) 

{ 

double total = 0.0; 
for (int x = 0; x < 12; x += 1) 
total = total + rain[x]; 

//end for 
return total; 

} //end of getTotal function 



LAB 11-4 Desk-Check 


Desk-check: 
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The f o r loop will display the following: 

Student 1 average: 95 

Student 2 average: 78 

Student 3 average: 76 

Student 4 average: 85 

Student 5 average: 38.5 



AB11-5 Debug 


To debug the program, change the i ncrease += 

quanti ti es [x] ; statement in the for loop to quanti ti es [x] 

+= increase;. 
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Answers to Chapter 12 Mini-Quizzes 

Mini-Quiz 12-1 

1. b. int quantities[4] [2] = {0}; 

2 . 20 

3. quantities[0][0] 

4. quantities[3] [1] 

5. quantities[0] [1] = 5; 



Mini-Quiz 12-2 

1. d. total += purchases[1] [0] ; 

2. c. if (scores[2] [3] > 25) 

3. bonus = sales[0][l] * .15; 

4. a. if (row >= 0 && row < 10) 
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AB 12-1 Stop and Analyze 


1. 34000 

2 . The total company sales made in February can be calculated 
by adding the contents of the company [0] [1] element to 
the contents of the company [1] [1] element. 


3. The highest row subscript in the company array is 1. The highest col¬ 
umn subscript is 5. 


4 . The January international sales are stored in the company [1] [0] 
element. 


int location = 0; 
while (location < 2) 

for (int month = 0; month < 6; month += 1) 
companySales += company[location[month]; 
//end for 
location += 1; 

//end while 
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6 . The assignment statement would need to be changed to company- 
Sales += company[location[month - 1];. 

No answer required. 

8 . 

//Labl2-1.cpp - calculates the total domestic sales, 
//total international sales, and total company sales 
//Created/revised by <your name> on ccurrent date> 

#include <iostream> 
using namespace std; 

int main() 

{ 

//declare arrays and variable 

int company[2][6] = {{12000, 45000, 32000, 

67000, 24000, 55000}, 

{10000, 56000, 42000, 

23000, 12000, 34000}}; 
int companySales = 0; 

int domesticSales = 0; 

int internationalSales = 0; 

//accumulate sales 

for (int month = 0; month < 6; month += 1) 

{ 

domesticSales += company[0][month]; 
internationalSales += company[1][month]; 

} //end for 

companySales = domesticSales + internationalSales; 
//display total sales 

cout « "Domestic sales: $" « domesticSales « endl; 
cout « "International sales: $" « internationalSales 
« endl ; 

cout « "Company sales: $" « companySales « endl; 

system("pause"); 
return 0; 

} //end of main function 

9 . 

//Labl2-1.cpp - calculates the total domestic sales, 
//total international sales, and total company sales 
//Created/revised by <your name> on ccurrent date> 

#include <iostream> 
using namespace std; 

int main() 

{ 


//declare arrays and variable 
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int company[2][6] = {{12000, 45000, 32000, 

67000, 24000, 55000}, 

{10000, 56000, 42000, 

23000, 12000, 34000}}; 
int monthSales[6] = {0}; 

int companySales = 0; 

int domesticSales = 0; 

int internationalSales = 0; 

//accumulate sales 

for (int month = 0; month < 6; month += 1) 

{ 

domesticSales += company[0][month]; 
internationalSales += company[l][month]; 
monthSales[month] = company[0][month] + company[l] 
[month] ; 

} //end for 

companySales = domesticSales + internationalSales; 
//display total sales 

cout « "Domestic sales: $" « domesti cSal es « endl ; 
cout « "International sales: $" « internationalSales 
« endl ; 

cout « "Company sales: $" « companySales « endl; 

//display monthly sales 

for (int x = 0; x < 6; x += 1) 

cout « "Month " « x + 1 « " sales: $" 

« monthSales[x] « endl; 

//end for 

system("pause"); 
return 0; 

} //end of main function 




AB 12-2 Plan and Create 


No answer required. 



AB 12-3 Modify 


//Labl2-3.cpp - displays the shipping charge 
//Created/revised by <your name> on <current date> 


#include <iostream> 
using namespace std; 

int main() 

{ 
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//declare array and variables 
int shipCharges[3][2] = {{101, 0}, 

{51, 10}, 

{ 1 , 20 }}; 

int numOrdered = 0; 
int rowSub = 0; 
char found = 'N'; 

//enter the number ordered 

cout « "Number ordered 

cout « "(negative number or 0 to end): 

cin » numOrdered; 

while (numOrdered > 0 && numOrdered <= 999999) 

{ 

//search array 
rowSub = 0; 

while (rowSub < 3 && found == 'N') 

if (numOrdered >= shipCharges[rowSub][0]) 
found = 'Y'; 

el se 

rowSub += 1; 

//end if 
//end while 

//display shipping charge 

cout « "Shipping charge for a quantity of " 

« numOrdered « " is $" 

« shipCharges[rowSub][1] « endl « endl ; 

//enter the number ordered 

cout « "Number ordered "; 

cout « "(negative number or 0 to end): "; 

cin » numOrdered; 

found = 'N'; 

} //end while 

system("pause"); 
return 0; 

} //end of main function 



AB 12-4 Desk-Check 
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AB 12-5 Debug 


To debug the program, change the numbers [row] [0] = 
counter * counter; statement in the first for loop to 
numbers[row][1] = counter * counter; and then enter 
thecounter += l;(orcounter = counter + 1;) statement below the 
numbers [row] [1] = counter * counter; statement. 


Answers to Chapter 13 Mini-Quizzes 

Mini-Quiz 13-1 

1. c. const string FIRST_PRES = "George Washington"; 

2. b. string country = 

3. a. getline(cin, streetAddress, '\n'); 

4. c. ci n . i gnore(10, '\n'); 


Mini-Quiz 13-2 

1. a. while (employee. 1 ength() > 20) 

2. c. if (code. 1 ength() == 7) 

3. d. both a and b 

4. cout « col 1ege.substr(col 1ege.1ength() - 1); 
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Mini-Quiz 13-3 

1. a. location = ci tyState. find(" , " , 0) ; 

2. 13 

3. d. all of the above 


Mini-Quiz 13-4 

1. d. none of the above 

2. a. sentence = sentence + temp.assign(4, 

3. b. areaCode = "(" + areaCode + 
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AB 13-1 Stop and Analyze 


1. The purpose of the loop is to access each character in the 
phone variable, one character at a time, in order to remove 
any parentheses or hyphens. 


2 . The statement in Line 26 assigns the current character from the 
phone variable to the currentChar variable . 


3 . The selection structure in Lines 27 through 36 compares the cur¬ 
rent character in the phone variable with the opening and closing 
parentheses and the hyphen. If the current character is an opening 
or closing parenthesis or a hyphen, the statement in Line 31 removes 
the current character from the phone variable. The statement in 
Line 32 then subtracts the number 1 from the numChars variable, 
which keeps track of the number of characters in the phone vari¬ 
able. If the current character is not an opening or closing parenthesis 
or a hyphen, the statement in Line 35 adds 1 to the contents of the 
subscri pt variable, which allows the loop to access the next charac¬ 
ter in the phone variable. 


. Before the loop in the program is processed, the statement in Line 21 
assigns the number of characters stored in the phone variable to the 
numChars variable. If the phone variable contains the eight charac¬ 
ters 111-2222, the statement assigns the number 8 to the numChars 
variable. When the statement in Line 31 removes a character from the 
phone variable, the variable contains one less character. For example, 
if the statement in Line 31 removes the hyphen from the 111-2222 
stored in the phone variable, the variable contains seven characters 
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rather than eight characters. If you do not subtract the number 1 
from the numChars variable, the loop will attempt to access the 
eighth character in the phone variable, even though the variable now 
contains only seven characters. 

Assume that the phone variable contains (500)333-4444. The state¬ 
ment in Line 26 assigns the opening parenthesis, whose subscript 
is 0, to the currentChar variable. When the statement in Line 31 
removes the opening parenthesis from the phone variable, the num¬ 
ber 5 becomes the first character in the variable and, therefore, it has 
a subscript of 0. In other words, when you remove a character from 
a variable, the next character in the variable assumes the same sub¬ 
script. However, when a character is not removed from the variable, 
you need to update the subscript to access the next character in the 
variable. 

6 . No answer required. 

Change the phone. erase(subscri pt, 1) ; statement in Line 31 
to phone.replacefsubscript, 1, 




AB 13-2 Plan and Create 


No answer required. 



AB 13-3 Modify 


//Labl3-3.cpp - simulates the Hangman game 
//Created/revised by <your name> on <current date> 


#include <iostream> 
#include <string> 
using namespace std; 


int main() 

{ 

//declare variables 


string origWord = 

string letter = 

char dashReplaced = 'N'; 
char gameOver = 'N' ; 

int numlncorrect = 0; 

string displayWord = 

int numChars = 0; 


//get original word 

cout « "Enter a word in uppercase: 

getlinefcin, origWord); 

numChars = origWord.lengthf); 

displayWord.assign(numChars, ' - ' ) ; 
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//clear the screen 
systemC'cls") ; 

//start guessing 
cout « "Guess this word: " « 
displayWord « endl; 
while (gameOver == 'N') 

{ 

cout « "Enter an uppercase letter: 
cin » letter; 

//search for the letter in the original word 
for (int x = 0; x < numChars; x += 1) 

{ 

//if the current character matches 
//the letter, replace the corresponding 
//dash in the displayWord variable and then 
//set the dashReplaced variable to 'Y' 
if (origWord.substr(x, 1) == letter) 

{ 

displayWord.replace(x, 1, letter); 
dashReplaced = 'Y'; 

} //end if 
} //end for 

//if a dash was replaced, check whether the 
//displayWord variable contains any dashes 
if (dashReplaced == 'Y') 

{ 

//if the displayWord variable does not 
//contain any dashes, the game is over 
if (di spl ayWord. find("-" , 0) == -1) 

{ 

gameOver = 'Y'; 

cout « endl « "Yes, the word is " 

« origWord « endl; 
cout « "Great guessing!" « endl; 

} 

else //otherwise, continue guessing 

{ 

cout « endl « "Guess this word: " 

« displayWord « endl ; 
dashReplaced = 'N'; 

} //end if 

} 

else //processed when dashReplaced contains 'N' 

{ 

//add 1 to the number of incorrect guesses 
numlncorrect += 1; 

//if the number of incorrect guesses is 10, 
//the game is over 
if (numlncorrect == 10) 

{ 


gameOver = 'Y'; 
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cout « endl « "Sorry, the word is " 
« origWord « endl; 

} //end if 
} //end if 
} //end while 

system("pause") ; 
return 0; 

} //end of main function 




LAB 13-4 Desk-Check 


Desk-check: 
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The code will display the following: Message: Programming is fun!!!!! 



AB 13-5 Debug 


To debug the program, change the cout « message. 
substr(x) « endl ; statement in the for loop to cout « 
message.substrfx, 1) « endl;. 


Answers to Chapter 14 Mini-Quizzes 


Mini-Quiz 14-1 

1. b. #include <fstream> 

2. d. ios : : i n 

3. ofstream outAlbums; 

4. c. outAlbums.open("mine.txt", ios::app); 
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Mini-Quiz 14-2 

1. the Boolean value fal se 

2. c. outlnv « quantity « endl ; 

3. d. outFile « scorel « '#' « score2 « endl; 

4. d. inlnv » number; 


Mini-Quiz 14-3 

1. c. while (!inlnv.eof()) 

2. the Boolean value fal se 

3. outlnv.closeQ; 
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AB 14-1 Stop and Analyze 


1. The instruction on Line 5 is necessary because the program 

uses the ci n and cout objects. The instruction on Line 6 is 
necessary because the program uses the stri ng class. The 
instruction on Line 7 is necessary because the program uses 
the of st ream class. 


2. Each record contains two fields: the movie title and the year the 
movie was released. 


3. The movies.txt file will contain only the two records written during 
the second run of the program. This is because the program opens 
the movies.txt file for output, which means the file’s contents will be 
erased each time the program is run. 

To save the previous records, you will need to open the file for append 
by changing the mode in the open function in Line 18 to i os : : app. 

if (outFi1e.is_open() == true) 

6 . The purpose of the # character is to separate the movie title field from 
the year released field. 

7. The statement in Line 42 closes the output file. Neglecting to close a 
file can result in a loss of data. 

8 . No answer required. 












Answers to Chapter 14 Labs 


9. No answer required. 

10 . No answer required. 

L. ChangetheoutFile.openCmovies.txt", i os :: out) ; state¬ 
ment in Line 18 to outFi 1 e. open("movi es . txt" , ios : : app) ;. 




AB 14-2 Plan and Create 


No answer required. 



AB 14-3 Modify 


//Labl4-3.cpp - saves records to a sequential access 
//file and also calculates and displays the total 
//of the sales amounts stored in the file 
//Created/revised by <your name> on <current date> 


#include <iostream> 

#include <string> 

#include <fstream> 
using namespace std; 

//function prototypes 
int getChoice(); 
void addRecords() ; 
void displayRecordsO ; 
void displayTotal(); 
void di splayAvgO ; 

int main() 

{ 

int choice = 0; 
do 
{ 

//get user's menu choice 
choice = getChoiceO; 
if (choice == 1) 
addRecordsO ; 

el se 

if (choice == 2) 

displayRecords(); 

el se 

if (choice == 3) 

displayTotal(); 

el se 

if (choice == 4) 
di spl ayAvgO ; 
//end if 
//end if 
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//end if 
//end if 

} while (choice != 5); 

system("pause"); 
return 0; 

} //end of main function 

/ / **** "function definitions*** * * 
int getChoiceO 
{ 

//displays menu and returns choice 
int menuChoice = 0; 

cout « endl « "Menu Options" « endl; 
cout « "1 Add Records" « endl; 
cout « "2 Display Records" « endl; 
cout « "3 Display Total Sales" « endl; 
cout « "4 Display Average Sales" « endl; 
cout « "5 Exit the program" « endl; 
cout « "Choice (1, 2, 3, 4, or 5)? "; 
cin » menuChoice; 
cin.ignore(100, '\n'); 
cout « endl; 
return menuChoice; 

} //end of getChoice function 

void addRecords() 

{ 

//saves records to a sequential access file 

string name = 
int sales = 0; 
ofstream outFile; 

//open file for append 

outFi1e.open("sales.txt", ios::app); 

//if the open was successful, get the 
//salesperson's name and sales amount and 
//then write the information to the file; 

//otherwise, display an error message 
if (outFi1e.is_open()) 

{ 

cout « "Salesperson's name (X to stop): "; 
getline(cin, name); 

while (name != "X" && name != "x") 

{ 

cout « "Sales: "; 

cin » sales; 

cin.ignore(100, '\n'); 

outFile « name « '#' « sales « endl; 

cout « "Salesperson's name " 

« "(X to stop): "; 
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getline(cin, name); 

} //end while 
outFile.closeO ; 

} 

el se 

cout « "File could not be opened." « endl; 
//end if 

} //end of addRecords function 

void displayRecords() 

{ 

//displays the contents of the sales.txt file 

string name = 
int sales = 0; 
ifstream inFile; 

//open file for input 
inFile.open("sales.txt") ; 

//if the open was successful, read a 
//record and then display the record 
//otherwise, display an error message 
if (inFi1e.is_open()) 

{ 

getline(inFi1e, name, 
inFile » sales; 
inFi1e.ignore(); 

while (!inFi1e.eof()) 

{ 

cout « name « " $" « sales « endl; 

getline(inFile, name, '#'); 
inFile » sales; 
inFi1e.ignore() ; 

} //end while 

inFile.close(); 

} 

el se 

cout « "File could not be opened." « endl; 
//end if 

} //end of displayRecords function 

void displayTotal() 

{ 

//calculates and displays the total sales 

string name = 
int sales = 0; 

int total = 0; 

ifstream inFile; 

//open file for input 
inFile.open("sales.txt"); 

//if the open was successful, read the 
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//salesperson's name and sales amount, then add 
//the sales amount to the accumulator, and then 
//display the accumulator; otherwise, display 
//an error message 
if (inFi1e.is_open()) 

{ 

getline(inFi1e, name, 
inFile » sales; 
inFi1e.ignore(); 

while (!inFi1e.eof()) 

{ 

total += sales; 

getline(inFi1e, name, '#'); 

inFile » sales; 

inFi1e.ignore(); 

} //end while 

i nFi 1 e. close() ; 

cout « "Total sales $" « total 
« endl « endl ; 

} 

el se 

cout « "File could not be opened." « endl; 
//end if 

} //end of displayTotal function 

void displayAvgO 

{ 

//calculates and displays the average sales 


string name = 
int sales = 0; 

int totalSales = 0; 
int numSales = 0; 
double avgSales = 0.0; 


ifstream inFile; 

//open file for input 
inFi1e.open("sales.txt"); 

//if the open was successful, read the 
//salesperson's name and sales amount, then add 
//the sales amount to the accumulator and add 1 
//to the counter; otherwise, display an error message 
if (inFi1e.is_open()) 

{ 

getline(inFi1e, name, '#'); 
inFile » sales; 
inFi1e.ignore(); 

while (!inFi1e.eof()) 

{ 

totalSales += sales; 
numSales += 1; 









Answers to Chapter 14 Labs 


getline(inFile, name, 
inFile » sales; 
inFi1e.ignore(); 

} //end while 

inFile.close(); 

//calculate and display the average sales 
avgSales = 

static_cast<double>(totalSales) / numSales; 
cout « "Average sales $" « avgSales 
« endl « endl ; 

} 

el se 

cout « "File could not be opened." « endl; 
//end if 

} //end of displayTotal function 




AB 14-4 Desk-Check 


Desk-check: 
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The code will display the following: 
Store l’s total sales: $16050 
Store 2’s total sales: $19850 



1 


AB 14-5 Debug 


To debug the program, change the outFi 1 e. open (" records . 
txt" , i os : : i n) ; statement to either outFi 1 e. 
open("records.txt", ios: :out) ; or outFi1e. 
open ("records . txt") ;. In addition, add the ci n. ignore (100, 

' \n') ; statement below the ci n » num2 ; statement. 
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00111001 


58 

00111010 


59 

00111011 

< 

60 

00111100 


Character 

ASCII 

Binary 

= 

61 

00111101 

> 

62 

00111110 

? 

63 

00111111 

@ 

64 

01000000 

A 

65 

01000001 

B 

66 

01000010 

C 

67 

01000011 

D 

68 

01000100 

E 

69 

01000101 

F 

70 

01000110 

G 

71 

01000111 

H 

72 

01001000 

1 

73 

01001001 

J 

74 

01001010 

K 

75 

01001011 

L 

76 

01001100 

M 

77 

01001101 

N 

78 

01001110 

0 

79 

01001111 

P 

80 

01010000 

Q 

81 

01010001 

R 

82 

01010010 

S 

83 

01010011 

T 

84 

01010100 

U 

85 

01010101 

V 

86 

01010110 

w 

87 

01010111 

X 

88 

01011000 

Y 

89 

01011001 


Character 

ASCII 

Binary 

z 

90 

01011010 

[ 

91 

01011011 

\ 

92 

01011100 

] 

93 

01011101 

A 

94 

01011110 


95 

01011111 


96 

01100000 

a 

97 

01100001 

b 

98 

01100010 

c 

99 

01100011 

d 

100 

01100100 

e 

101 

01100101 

f 

102 

01100110 

g 

103 

01100111 

h 

104 

01101000 

i 

105 

01101001 

j 

106 

01101010 

k 

107 

01101011 

1 

108 

01101100 

m 

109 

01101101 

n 

110 

01101110 

0 

111 

01101111 

P 

112 

01110000 

q 

113 

01110001 

r 

114 

01110010 

s 

115 

01110011 

t 

116 

01110100 

u 

117 

01110101 

V 

118 

01110110 


(continues) 































































































APPENDIX C 


ASCII Codes 


692 


(continued) 


Character 

ASCII 

Binary 

Character 

ASCII 

Binary 

Character ASCII Binary 

w 

119 

01110111 

1 

124 

01111100 


X 

120 

01111000 

I 

125 

01111101 


y 

121 

01111001 

~ 

126 

01111110 


z 

122 

01111010 

DELETE 

127 

01111111 


1 

123 

01111011 





























This appendix is available online at the Course Technology Web site. You can 
obtain the appendix by visiting and then 

navigating to the page for this book. 


This appendix is available online at the Course Technology Web site. You can 
obtain the appendix by visiting and then 

navigating to the page for this book. 


After studying Appendix F, you should be able to: 

Differentiate between procedure-oriented and object-oriented 
programming 

Define the terms used in object-oriented programming 
Create a class definition 

Instantiate an object from a class that you define 
Create a default constructor 
Create a parameterized constructor 
Include methods other than constructors in a class 
Overload the methods in a class 
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The term “encap¬ 
sulate” means “to 
= enclose in a cap¬ 
sule.” In the 
context of OOP, 
the "capsule” is a class. 


Object-Oriented Terminology 

In Chapter 1, you learned that some programs are procedure oriented and 
some are object oriented. All of the programs you created in the previous 
chapters were procedure oriented. Recall that, when writing a procedure- 
oriented program, the programmer concentrates on the major tasks that the 
program must perform to accomplish its goal. A payroll program, for exam¬ 
ple, typically performs several major tasks, such as inputting the employee 
data, calculating the gross pay, calculating the taxes, calculating the net pay, 
and outputting a paycheck. The programmer usually assigns each major 
task to a function, which is the primary component in a procedure-oriented 
program. The primary component in an object-oriented program, on the 
other hand, is an object. An object is anything that can be seen, touched, or 
used. In other words, an object is nearly any When writing an object- 
oriented program, the programmer focuses on the objects (rather than the 
tasks) that the program can use to accomplish its goal. The objects can take 
on many different forms. Programs written for the Windows environment 
typically use objects such as check boxes, list boxes, and buttons. A payroll 
program, on the other hand, might utilize objects found in real life, such as 
a time card object, an employee object, or a paycheck object. Because each 
object is viewed as an independent unit, an object can be used in more than 
one program, usually with little or no modification. A check object used in 
a payroll program, for example, also can be used in a sales revenue program 
(which receives checks from customers) and an accounts payable program 
(which issues checks to creditors). The ability to use an object for more 
than one purpose enables code-reuse, which saves programming time and 
money—advantages that contribute to the popularity of object-oriented 
programming. 

Every object in an object-oriented program is created from a class, which is a 
pattern or blueprint that the computer uses when creating the object. Using 
object-oriented programming (OOP) terminology, objects are instantiated 
(created) from a class, and each object is referred to as an instance of the 
class. A stri ng object (variable or named constant), for example, is an 
instance of the stri ng class. The input and output file objects discussed in 
Chapter 14 are instances of the if stream and of stream classes, respec¬ 
tively. Keep in mind that the class itself is not an object; only an instance of 
a class is an object. Every object has attributes and behaviors. The attributes 
are the characteristics that describe the object. When you tell someone that 
your wristwatch is a Valenti Model VI, you are describing the watch (an 
object) in terms of some of its attributes—in this case, its maker and model 
number. A watch also has many other attributes, such as a crown, dial, hour 
hand, minute hand, and movement. An object’s behaviors fall into two cat¬ 
egories: actions that the object is capable of performing and actions to which 
the object can respond. A watch, for example, can keep track of the time and 
date. Some watches also can illuminate their dials when a button on the watch 
is pushed. All of an object’s attributes and behaviors are contained—or, in 
OOP terms, encapsulated —in the class from which the object is instantiated. 

“Abstraction” is another term used in OOP discussions. Abstraction refers to 
the hiding of the internal details of an object from the user. Hiding the inter¬ 
nal details helps prevent the user from making inadvertent changes to the 
object. The internal mechanism of a watch, for example, is enclosed (hidden) 
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in a case to protect the mechanism from damage. Attributes and behaviors 
that are not hidden are said to be exposed to the user. Exposed on a Val¬ 
enti Model VI watch are the crown used to set the hour and minute hands 
and the button used to illuminate the dial. The idea behind abstraction is to 
expose to the user only those attributes and behaviors that are necessary to 
use the object and to hide everything else. 

Another OOP term, inheritance, refers to the fact that you can create one 
class from another class. The new class, called the derived class, inherits the 
attributes and behaviors of the original class, called the base class. For exam¬ 
ple, the Valenti company might create a blueprint of the Model VII watch 
from the blueprint of the Model VI watch. The Model VII blueprint (the 
derived class) will inherit all of the attributes and behaviors of the Model VI 
blueprint (the base class), but it then can be modified to include an additional 
feature, such as an alarm. 

Finally, you also will hear the term “polymorphism” in OOP discussions. 
Polymorphism is the object-oriented feature that allows the same instruction 
to be carried out differently depending on the object. For example, you open 
a door, but you also open an envelope, a jar, and your eyes. Similarly, you can 
set the time, date, and alarm on a Valenti watch. Although the meaning of 
the verbs “open” and “set” are different in each case, you can understand each 
instruction because the combination of the verb and the object makes the 
instruction clear. 


# You can use the 
acronym APIE 
^ (Abstraction, 
Polymorphism, 
Inheritance, and 
Encapsulation) to help 
you remember some of 
the OOP terms. 



The answers to 
Mini-Quiz ques¬ 
tions are located 
in the Cpp6\ 
AppFXAppendixF 
.pdf file. 

a. True 

b. False 

3. An object created from a class is called_. 

a. an attribute 

b. an instance of the class 

c. the base class 

d. the derived class 

4. The actions that an object can perform or to which an object can 

respond are called the object’s_. 


Mini-Quiz F-l 

1. OOP is an acronym for 

2. A class is an object. 


Defining a Class in C++ 

In previous chapters, you instantiated objects using existing classes, such 
as the stri ng and of stream classes. You used the instantiated objects in 
a variety of ways in many different programs. In some programs, you used 
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Although you can 
code a class in 
^ C++ in a matter 

of minutes, the 
objects produced 
by such a class probably 
will not be of much use. 
The creation of a good 
class, which is one 
whose objects can be 
used in a variety of ways 
by many different pro¬ 
grams, requires a lot of 
time, patience, and 
planning. 


a stri ng object (variable) to store a name, whereas in others you used it 
to store a phone number. Similarly, one of the programs in Chapter 14 used 
an output file object to save CD (compact disc) information. Another pro¬ 
gram in the same chapter used an output file object to save a store’s sales 
information. You also can define your own classes and then create instances 
(objects) from those classes. As do the stri ng and of stream classes, your 
classes must specify the attributes and behaviors of the objects they create. 
You specify the attributes and behaviors using a class definition. Figure F-l 
shows the syntax used in this book to define a class. The figure also includes 
an example of defining a class name FormattedDate. Notice that the syntax 
contains two sections: a declaration section and an optional implementation 
section. The declaration section contains the C++ class statement, which 
begins with the keyword class followed by the name of the class; the state¬ 
ment ends with a semicolon. Although it is not a requirement, the conven¬ 
tion is to enter the class name using Pascal case, which means you capitalize 
the first letter in the name and the first letter in any subsequent words in the 
name. Examples of class names that follow this naming convention include 
Check, FormattedDate, and Ti meCard. Within the cl ass statement, you 
list the attributes and behaviors of the objects that the class will create and 
you enclose the attributes and behaviors in a set of braces. In most cases, the 
attributes (called data members) are represented by variable declarations, 
and the behaviors (called member methods) are represented by method pro¬ 
totypes. A method is simply a function that is defined in a class definition. 

You enter the method definitions in the implementation section of a class 
definition. The implementation section will contain one definition for each 
prototype listed in the declaration section. If no method prototypes appear in 
the declaration section, the implementation section is not needed. 


Many C++ pro¬ 
grammers refer 
= to the methods in 
a class as mem¬ 
ber functions. 


HOW TO Define a Class 


Syntax 

//declaration section 
class className 
{ 

public: 

public attributes (data members) 
public behaviors (member methods) 

private: 

private attributes (data members) 
private behaviors (member methods) 

}j - semicolon 


colon 


colon 


[//implementation section 

member method definitions] 

(continues) 


Figure F-l How to define a class 
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Example 

//declaration section 
class FormattedDate 


{ 

public: 

FormattedDateO; - 

void setDate(string, string, string) 
string getFormattedDateO ; 
private: 

string month; - 

string day; 
string year; - 

}; 


variable declarations 


(continued) 


method prototypes 



//implementation section 
FormattedDate::FormattedDateO 
{ 

//initializes the private variables 
month = "0"; 
day = "0"; 
year = "0"; 

} //end of default constructor 

void FormattedDate::setDate(string m , string d, string y) 

{ 

//assigns program values to the private variables 
month = m; 
day = d; 
year = y; 

} //end of setDate method 

string FormattedDate::getFormattedDateO 

{ 

//formats and returns values stored in the private 
//variables 

return month + "/" + day + "/" + year; 

} //end of getFormattedDate method 


Figure F-l Flow to define a class 


As Figure F-l shows, a class can contain both public members and private 
members. You record the public members below the keyword publ i c in 
the class statement. The private members are recorded below the keyword 
pri vate. When you use a class to instantiate (create) an object in a pro¬ 
gram, only the public members of the class are exposed (made available) to 
the program; the private members are hidden. In most cases, you will want 
to expose the member methods and hide the data members. Therefore, in 
most class definitions, you will list the method prototypes below the keyword 
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publ i c in the cl ass statement and list the variable declarations below 
the keyword pri vate, as shown in the FormattedDate class definition in 
Figure F-l. You expose the member methods to allow the program to use 
the service each method provides. You hide the variables (data members) 
to protect their contents from being changed inadvertently by the program. 
When a program needs to assign data to a private variable, it must use a pub¬ 
lic member method to do so. For example, when using the FormattedDate 
class in Figure F-l, the program would need to use the setDate method to 
assign data to the month, day, and year variables. It is the public member 
method’s responsibility to validate the data, if necessary, and then either 
assign the data to the private data member (if the data is valid) or reject the 
data (if the data is not valid). Keep in mind that a program does not have 
direct access to the private members of a class. Rather, it must access the pri¬ 
vate members indirectly, through a public member method. 

Instantiating an Object and Referring 
to a Public Member 

Figure F-2 shows the syntax for instantiating an object in a C++ program. 

In the syntax, and are the names of the class and 

object, respectively. The figure also includes an example of instantiating a 
FormattedDate object named reportDate. 


HOW TO Instantiate an Object 


Syntax 

className objectName; 


semicolon 


Example 

FormattedDate reportDate; 

uses the FormattedDate class from Figure F-l to instantiate an object 
named reportDate 


Figure F-2 Flow to instantiate an object 

After an object has been instantiated in a program, the program can refer 
to a public member of the class using the syntax shown in Figure F-3. In the 
syntax, and are the names of the object and pub¬ 

lic member, respectively. The figure also includes examples of referring to 
the reportDate object’s getFormattedDate and setDate methods. Both 
methods are public members of the FormattedDate class from which the 
reportDate object was instantiated. 














Instantiating an Object and Referring to a Public Member 


HOW TO Refer to a Public Member of an Object’s Class 


Syntax 

objectName.publicMember ; 


semicolon 


Example 1 

reportDate.getFormattedDateO; 

refers to the reportDate object’s getFormattedDate method, which is a 
public method of the FormattedDate class (shown earlier in Figure F-l) 


Example 2 

reportDate.setDate(monthNum, dayNum, yearNum); 

refers to the reportDate object’s setDate method, which is a public 

method of the FormattedDate class (shown earlier in Figure F-l) 



Figure F-3 Flow to refer to a public member of an object’s class 




The answers to 

Mini-Quiz F-2 

m 

Mini-Quiz ques- 



tions are located 

1. A program cannot access a public member method directly. 


in the Cpp6\ 



AppF\AppendixF 

a. True 


.pdf file. 

b. False 




2. In C++, you enter the class statement in the_ 

section of a class definition, and you enter the method definitions in 
the_section. 

3. Typically, the data members (attributes) of a class are represented by 
_in a class definition. 

a. constant declarations 

b. method prototypes 

c. method definitions 

d. variable declarations 

4. A private data member can be accessed directly by a public member 
method. 

a. True 

b. False 

5. Write the C++ statement to instantiate a Check object named 
payCheck. 

6. How do you refer to the payCheck object’s getCheck method? 

a. payCheck.getCheckf) 

b. payCheck::getCheckf) 
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c. getCheckO 

d. getCheckQ . payCheck 



Example 1—A Class that Contains Public Data 
Members Only 

Sweets Unlimited employs several salespeople. The sales manager wants a 
program that allows him to enter a salesperson’s name and sales amount. The 
program should calculate the salesperson’s 5% bonus and then save the sales¬ 
person’s name, sales amount, and bonus amount in a sequential access file 
named saleslnfo.txt. In the context of object-oriented programming (OOP), 
a salesperson can be treated as an object having three attributes: a name, 
a sales amount, and a bonus amount. By including the attributes in a class, 
you can create a pattern that a program can use to instantiate a salesperson 
object. In this case, you will enter the three attributes of a salesperson in a 
class named Sal esperson, which the Sweets Unlimited program will use to 
instantiate a Sal esperson object named empl oyee. The program will use 
the empl oyee object to store a salesperson’s information before the infor¬ 
mation is written to the sequential access file. Figure F-4 shows the Sweets 
Unlimited program. The code pertaining to the Salesperson class and 
empl oyee object is shaded in the figure. 


1 //Sweets Unlimited.cpp 

2 //Saves data to a sequential access file 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <fstream> 

7 #include <string> 

8 using namespace std; 

9 

10 //declaration section 

11 class Salesperson 

12 g 

13 public: 

14 string name; 

15 double sales; 

16 double bonus; 

17 }; 

18 

19 int main() 

20 { 

21 //declare constant and file object 

22 const double B0NUS_RATE = .05; 

23 ofstream outFile; 

24 

25 //c reate Salesperson object 

26 Salesperson employee; 


Figure F-4 Sweets Unlimited program (continues) 
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(continued) 


27 



28 

//open 

sequential access file 

29 

outFi1e 

.open("saleslnfo.txt", ios::app); 

30 



31 

if (outFile.is_open()) 

32 

{ 


33 

cout 

« "Salesperson's name (X to exit): 

34 

getline(cin, employee.name); 

35 

whil 

e (employee.name != "X" 

36 


&& employee.name != "x") 

37 

{ 


38 


cout « "Sales amount: 

39 


cin » employee.sales; 

40 


cin.ignore(100, '\n'); 

41 



42 


//calculate the bonus 

43 


employee.bonus = 

44 


employee.sales * BONUS_RATE; 

45 



46 


//write the salesperson's information 

47 


//to a sequential access file 

48 


outFile « employee.name « "#" 

49 


« employee.sales « "#" 

50 


« employee.bonus « endl; 

51 



52 


cout « "Salesperson's name (X to exit): 

53 


getline(cin, employee.name); 

54 

} //end while 

55 

} 


56 

el se 


57 

cout 

« "The file could not be opened." « endl; 

58 

//end if 

59 



60 

system( 

"pause"); 

61 

return 

0; 

62 } 

//end of main function 



Figure F-4 Sweets Unlimited program 


The definition of the Salesperson class appears in Lines 11 through 17 in 
Figure F-4. The class contains three data members only. Each data member 
is represented by a variable declaration, which specifies the variable’s data 
type and name but not its initial value. This is because you cannot initialize 
variables within the class statement. Notice that the variable declarations 
in Lines 14 through 16 appear below the keyword publ i c. When a variable 
is declared below the publ i c keyword in a class definition, any program that 
contains an instance of the class can access the variable. In this case, any pro¬ 
gram that instantiates a Sal esperson object can use the variables included 
in the Sal esperson class. Notice that the Sal esperson class definition 
contains the declaration section only. The implementation section is not 
necessary in this class definition, because no method prototypes appear in 
the declaration section. (Recall that the implementation section contains 
the definitions of the methods whose prototypes are listed in the declaration 
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section.) The Sal esperson empl oyee; statement in Line 26 uses the 
Sal esperson class definition to instantiate a Sal esperson object named 
empl oyee. The empl oyee object contains three data members: a stri ng 
variable named name and two doubl e variables named sal es and bonus. 
As the program in Figure F-4 shows, you use empl oyee. name to refer to 
the name variable in the empl oyee object. You use empl oyee. sal es and 
employee. bonus to refer to the employee object’s sal es and bonus vari¬ 
ables. Figure F-5 shows a sample run of the Sweets Unlimited program, and 
Figure F-6 shows the contents of the saleslnfo.txt file created by the program. 


Figure F-5 Sample run of the Sweets Unlimited program 


Figure F-6 Contents of the saleslnfo.txt file displayed in a text editor 


Header Files 

Although you can enter a class definition in the program that uses the class, 
as shown earlier in Figure F-4, most programmers enter a class definition 
in a separate file called a header file. Figure F-7 shows the definition of the 
Sal esperson class entered in a header file named Salesperson.h. Unlike 
program filenames, which end with .cpp, header filenames end with .h. (You 
will learn how to add a header file to a solution in Lab F-2, which is contained 
in the Cpp6\AppF\AppendixF.pdf file.) Figure F-8 shows a modified version 
of the Sweets Unlimited program. Unlike the original program, the modified 
program does not contain the Salesperson class definition. Instead, the modi¬ 
fied program uses the class definition contained in the Salesperson.h header 
file. Typically, a header file is stored in the same location as the program file 
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that employs the class. In this case, for example, the Salesperson.h file would 
be stored in the same location as the Modified Sweets Unlimited.cpp file. The 
programmer uses a #i ncl ude directive to tell the compiler to include the 
contents of the header file in the program. In the modified Sweets Unlimited 
program, the #i ncl ude "Sal esperson . h" directive (which is shaded in 
Figure F-8) tells the compiler to merge the contents of the Salesperson.h file 
with the contents of the current program. In other words, it tells the com¬ 
piler to include the Sal esperson class definition in the current program. 
Notice that the header filename is enclosed in quotation marks. The quota¬ 
tion marks indicate that the header file is located in the same folder as the 
program file. 


The angle brack¬ 
ets (<>) in the 
s other directives 
in Figure F-8 indi¬ 
cate that those 
files are located in the 
folder that contains the 
C++ Standard Library 
header files. 



1 //Salesperson.h 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <string> 

5 using namespace std; 

6 

7 //declaration section 

8 class Salesperson 

9 { 


10 

pub!ic: 


11 

string 

name; 

12 

double 

sales; 

13 

double 

bonus; 

14 

}; 



Figure F-7 Sal esperson class definition entered in the Salesperson.h header file 


1 //Modified Sweets Unlimited.cpp 

2 //Saves data to a sequential access file 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include <fstream> 

7 #include <string> 

8 #include "Salesperson.h" 

9 using namespace std; 

10 

11 int main() 

12 { 

13 //declare constant and file object 

14 const double BONUS_RATE = .05; 

15 ofstream outFile; 

16 

17 //create Salesperson object 

18 Salesperson employee; 


Figure F-8 Partial C++ code for the modified Sweets Unlimited program 

Although you can define a class that contains only public variables, like the 
Sal esperson class shown in Figure F-7, it is rarely done. The disadvantage 
of using public variables in a class is that a class cannot control the values 
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Example 2—A Class that Contains a Private Data 
Member and Public Member Methods 

In this example, you will view the code for a class named Square. A Square 
object has one attribute: the length of one of its sides. It also has four behav¬ 
iors: it can initialize its side measurement when it is created; it can assign 
a value to its side measurement after it has been created; it can provide its 
side measurement value; and it can calculate and return its area. Figure F-9 
shows the Square class defined in the Square.h header file. The Square 
class contains one private data member: an i nt variable named side. When 
a variable is declared below the pri vate keyword in a cl ass statement, 
it can be used only by the code entered in the class definition. In this case, 
the code uses the side variable to store the side measurement of a Square 
object. The Square class also contains four public member methods named 
Square, setSi de, getSi de, and cal cul ateArea. The method prototypes 
for these methods appear below the publ i c keyword in the cl ass state¬ 
ment. The definitions of the methods appear in the implementation section 
of the class definition. 


assigned to its public variables. Therefore, it cannot validate the values to 
ensure that they are appropriate for the variables. Besides, most classes con¬ 
tain not only variables, but methods as well. This is because the purpose of 
a class in OOP is to encapsulate the attributes (variables) that describe an 
object and the behaviors (methods) that allow the object to perform tasks. 
The class used in the next example will show you how to include data valida¬ 
tion and methods in a class. 


//Square.h 

//Created/revised by <your name> on <current date> 

//declaration section 
class Square 
{ 

public: 

SquareO; 

void setSide(int); 
int getSide(); 
int calculateAreaO; 
private: 

int side; 

}; 

//implementation section 
Square: :SquareO 
{ 

side = 0; 

} //end of default constructor 


Figure F-9 Square class definition entered in the Square.h header file (continues) 
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(continued) 

void Square::setSide(int sideValue) 

{ 

if (sideValue > 0) 

side = sideValue; 

el se 

side = 0; 

//end if 

} //end of setSide method 

int Square::getSide() 

{ 

return side; 

} //end of getSide method 

int Square::calculateArea() 

{ 

return side * side; 

} //end of calculateArea method 



Figure F-9 Square class definition entered in the Square.h header file 

In the Square class definition in Figure F-9, both the first method prototype 
and the first method definition pertain to the default constructor. A constructor 
is a method whose instructions the computer automatically processes each 
time an object is instantiated from the class. The sole purpose of a construc¬ 
tor is to initialize the class’s private variables. Every class should have at least 
one constructor. Each of a class’s constructors must have the same name as 
the class, but its formal parameters (if any) must be different from any other 
constructor in the class. A constructor that has no formal parameters is called 
the default constructor. A class can have only one default constructor. Because 
a constructor does not return a value, its prototype and definition do not begin 
with a data type. However, notice that its definition begins with the name of 
the class followed by the scope resolution operator (: :), the name of the con¬ 
structor, and a set of empty parentheses—in this case, Square: : Square (). 
The scope resolution operator indicates that the Square method is a mem¬ 
ber of (or is contained in) the Square class. The Square method’s definition 
in Figure F-9 contains the code to initialize the Square class’s private si de 
variable to the number 0. 

As you learned earlier, a program does not have direct access to a private 
variable in a class. Rather, it must access the private variable indirectly, 
through a public method. A program that instantiates a Square object can 
use the public setSi de method to assign a value to the private si de vari¬ 
able. In this case, the setSi de method receives the value from the program 
that invokes it and then stores the value in its formal parameter: an i nt 
variable named si deVal ue. The code contained in the method defini¬ 
tion verifies that the value received from the program is greater than zero. 

If it is, the code assigns the value to the private side variable; otherwise, 
it assigns the number 0 to the variable. Notice that the setSi de method’s 
prototype and definition begin with the keyword voi d, which indicates that 
the method does not return a value. A program that instantiates a Square 
object can use the public getSide method, on the other hand, to retrieve the 
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value stored in the private side variable. Unlike the setSide method, the 
getSi de method is a value-returning method. As Figure F-9 indicates, the 
getSi de method returns an integer. The last method in the Square class, 
cal cul ateArea, is also a value-returning method. In this case, it returns 
an integer that represents the area of a Square object. The method calcu¬ 
lates the area by multiplying the private side variable’s value by itself. Figure 
F-10 shows the area calculator program, which uses a Square object. The 
code pertaining to the Square object is shaded in the figure. The #i ncl ude 
"Square . h" directive in Line 6 tells the compiler to include the contents of 
the Square.h file (shown earlier in Figure F-9) in the program. The Square 
squareFi gure; statement in Line 12 instantiates a Square object named 
squareFigure. When the object is created, the default constructor is called, 
automatically, to initialize the private data member. In this case, the default 
constructor initializes the side variable to the number 0. The squareFig- 
ure. setSi de(si deMeasurement); statement in Line 20 calls the Square 
object’s setSi de method, passing it the side measurement value entered by 
the user. Recall that the setSi de method is a public member of the Square 
class. The setSi de method verifies that the value passed to it is greater than 
zero. If it is, the method assigns the value to the Square object’s private 
side variable; otherwise, it assigns the number 0 to the variable. The area = 
squareFi gure. cal cul ateArea(); statement in Line 22 calls the Square 
object’s cal cul ateArea method to calculate and return the Square object’s 
area. The statement assigns the method’s return value to the program’s area 
variable. The squareFi gure. getSi de() code in Line 25 calls the Square 
object’s getSi de method, which simply retrieves the value stored in the pri¬ 
vate si de variable. A sample run of the area calculator program is shown in 
Figure F-ll. 


1 //Area Calculator.cpp 

2 //Displays the area of a rectangle 

3 //Created/revised by <your name> on <current date> 

4 

5 #include <iostream> 

6 #include "Square.h" 

7 using namespace std; 

8 

9 int main() 

10 { 

11 //create Square object 

12 Square squareFigure; 

13 //declare variables 

14 int sideMeasurement = 0; 

15 int area = 0; 

16 

17 cout « "Side measurement (feet): 

18 cin » sideMeasurement; 

19 //assign side measurement to Square object 

20 squareFigure.setSide(sideMeasurement); 


Figure F-10 Area calculator program (continues) 















Example 3—Using a Class that Contains Two Constructors 


21 


22 

area = squareFigure.calculateAreaf); 

23 

cout « 

24 

"The area of a square with a side measurement of " 

25 

« squareFigure.getSide() 

26 

« " feet is " « area « " square feet." « endl; 

27 

systemC'pause"); 

28 

return 0; 

29 } 

//end of main function 



Figure F-10 Area calculator program 


Figure F-ll Sample run of the area calculator program 


The answers to 

Mini-Quiz F-3 Mini-Quiz ques- 

s tions are located 

1. The : : operator is called the_. in the Cpp6\ 

AppFXAppendixF 

2. Write the default constructor’s prototype for a class named Item. -Pdf file. 

3. The Item class in Question 2 contains two private data members: a 
char variable named code and an i nt variable named pri ce. Write 
the definition for the default constructor. 


Example 3—Using a Class that Contains 
Two Constructors 

In this example, you view the code for a class named MonthDay. A MonthDay 
object has two attributes: a month number and a day number. A MonthDay 
object also has three behaviors. First, it can initialize its attributes using values 
provided by the class. Second, it can initialize its attributes using values pro¬ 
vided by the program in which it is instantiated. Third, it can return its month 
number and day number attributes separated by a slash. Figure F-12 shows 
the MonthDay class defined in the MonthDay.h header file. The MonthDay 
class contains two private data members: a stri ng variable named month 
and a stri ng variable named day. It also contains four public member 
methods: two are named MonthDay, one is named setMonthDay, and one is 
named getMonthDay. The two MonthDay methods are the class’s construc¬ 
tors. The first constructor is the default constructor, because it does not have 
any formal parameters. The computer invokes the default constructor when 
you use a statement such as MonthDay myDate; to instantiate a MonthDay 
object. The code contained in the default constructor initializes the class’s pri¬ 
vate month and day variables to the empty string. The second constructor in 
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the class allows you to specify the initial values for a MonthDay object when 
the object is created. In this case, the initial values must be strings, because 
the constructor’s parameterList contains two stri ng variables. Construc¬ 
tors that contain parameters are called parameterized constructors. The 
method name combined with its optional parameterList is called the meth¬ 
od’s signature. You include the initial values, enclosed in a set of parentheses, 
in the statement that instantiates the object. For example, the MonthDay 
myDate("04", "28"); statement instantiates a MonthDay object, and it 
passes two stri ng arguments to the parameterized MonthDay construc¬ 
tor. When you instantiate an object, the computer determines which class 
constructor to use by matching the quantity, data type, and position of the 
arguments with the quantity, data type, and position of the parameters listed 
in each constructor’s parameterList. In this case, the computer will invoke 
the default constructor when you use the MonthDay myDate; statement to 
instantiate a MonthDay object. However, it will use the parameterized con¬ 
structor when you use the MonthDay myDate("04", " 28 "); statement. 


1 //MonthDay.h 

2 //Created/revised by <your name> on <current date> 

3 

4 #include <string> 

5 using namespace std; 

6 

7 //declaration section 

8 class MonthDay 

9 { 

10 public: 

11 MonthDayO; 

12 MonthDay(string, string); 

13 void setMonthDay(string, string); 

14 string getMonthDayO ; 

15 private: 

16 string month; 

17 string day; 

18 }; 

19 

20 //implementation section 

21 MonthDay::MonthDay() 

22 { 

23 month = 

24 day = 

25 } //end of default constructor 

26 

27 MonthDay::MonthDay(string x, string y) 

28 { 

29 setMonthDay(x, y); 

30 } //end of constructor 

31 

32 void MonthDay::setMonthDay(string m, string d) 

33 { 

34 month = m; 

35 day = d; 

36 } //end of setMonthDay method 

37 


Figure F-12 MonthDay class definition entered in the MonthDay.h header file (continues) 
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(continued) 


38 string MonthDay::getMonthDayO 

39 { 

40 return month + "/" + day; 

41 } //end of getMonthDay method 


Figure F-12 MonthDay class definition entered in the MonthDay.h header file 



Figure F-13 shows a program that uses a MonthDay object to display a date. The 
code pertaining to the MonthDay object is shaded in the figure. The #i ncl ude 
"MonthDay. h " directive in Line 6 tells the compiler to include the contents 
of the MonthDay.h file (shown in Figure F-12) in the program. The MonthDay 
myDate("04" , "28"); statement in Line 12 instantiates a MonthDay object 
named myDate. When the object is instantiated, the parameterized construc¬ 
tor is called, automatically, to initialize the private data members. In this case, 
the parameterized constructor initializes the month and day variables to the 
strings “04” and “28” respectively. The cout statement in Lines 18 and 19 calls 
the MonthDay object’s getMonthDay method. The method retrieves the values 
stored in the month and day variables and then returns the values (separated by 
a slash) to the cout statement. The statement displays the return value—in this 
case, 04/28—on the computer screen. The myDate. setMonthDay(myMonth, 
myDay); statement in Line 27 calls the setMonthDay method, passing it 
the values entered by the user. The method assigns the values to the private 
month and day variables. The cout statement in Lines 30 and 31 calls the 
getMonthDay method again. As before, the method retrieves the values stored 
in the month and day variables and then returns the values (separated by a 
slash) to the statement. The statement displays the return value on the com¬ 
puter screen. A sample run of the display date program is shown in Figure F-14. 


1 

//Display Date.cpp - displays 

a date 

2 

//Created/revised by <your name> on <current date> 

4 

#include <iostream> 


5 

#include <string> 


6 

#include "MonthDay.h" 


7 

8 

9 

using namespace std; 


int main() 


10 

{ 


11 

//create MonthDay object 


12 

MonthDay myDate("04", "28"} 

; 

13 

//declare variables 


14 

string myMonth = "0"; 


15 

16 

string myDay = "0"; 


17 

//display initial date 


18 

cout « "Initial date: " 


19 

20 

« myDate. getMonthDayO 

« endl; 


Figure F-13 Display date program (continues) 
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21 cout « endl « "Change month number to: 

22 getline(cin, myMonth); 

23 cout « "Change day number to: 

24 getline(cin, myDay); 

25 

26 //assign values to MonthDay object 

27 myDate.setMonthDay(myMonth, myDay); 

28 

29 //display new date 

30 cout « "New date: " 

31 « myDate.getMonthDayC) « endl; 

32 

33 system("pause"); 

34 return 0; 

35 } //end of main function 


Figure F-13 Display date program 


Figure F-14 Sample run of the display date program 


Overloaded 
methods are 
= an example of 
polymorphism. 


Example 4—A Class that Contains 
Overloaded Methods 

In this example, you view the code for a class named Gross Pay. A Gross Pay 
object has two behaviors: it can calculate and return the gross pay for a sala¬ 
ried employee, and it can calculate and return the gross pay for an hourly 
employee. The gross pay for a salaried employee is calculated by dividing the 
employee’s annual salary by 24, because salaried employees are paid twice per 
month. The gross pay for an hourly employee is calculated by multiplying the 
number of hours the employee worked during the week by his or her pay rate. 
Figure F-15 shows the GrossPay class defined in the GrossPay.h header file. 
The GrossPay class contains two public member methods; both are named 
cal cGross. Although both methods have the same name, notice that their 
parameterLists differ. The parameterList in the first cal cGross method 
contains one formal parameter, whereas the parameterList in the second 
cal cGross method contains two formal parameters. When two or more 
methods have the same name but different parameterLists, the methods are 
referred to as overloaded methods. Overloading is useful when two or more 
methods require different parameters to perform essentially the same task. 
Both overloaded methods in the GrossPay class, for example, calculate and 
return a gross pay amount. However, the first cal cGross method, which 
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calculates and returns the gross pay amount for a salaried employee, requires 
a program to pass it one item of information: the employee’s annual salary. 
The second cal cGross method, on the other hand, calculates and returns 
the gross pay amount for an hourly employee and requires two items of infor¬ 
mation: the number of hours the employee worked and his or her rate of pay. 
Rather than using two overloaded cal cGross methods in the Gross Pay 
class, you could use two methods having different names. For example, you 
could use a method named cal cSal ari edGross to calculate and return 
the gross pay amount for a salaried employee and then use a method named 
cal cHourlyGross to calculate and return the gross pay amount for an 
hourly employee. The advantage of overloading the cal cGross method is 
that you need to remember the name of only one method. 


The two 
MonthDay 
^ constructors 
shown earlier in 
Figure F-12 are 
overloaded methods, 
because both have the 
same name but a differ¬ 
ent parameterList. 



1 //GrossPay.h 

2 //Created/revised by <your name> on <current date> 

3 

4 //declaration section 

5 class GrossPay 

6 { 

7 public: 

8 double calcGross(double); 

9 double calcGross(double, double); 

10 }; 

11 

12 //implementation section 

13 double GrossPay::calcGross(double yearSalary) 

14 { 

15 return yearSalary / 24; 

16 } //end of calcGross method 

17 

18 double GrossPay::calcGross(double h, double r) 

19 { 

20 return h * r; 

21 } //end of calcGross method 


Figure F-15 GrossPay class definition entered in the GrossPay.h header file 

Figure F-16 shows the gross pay program, which uses a GrossPay object to 
calculate and return an employee’s gross pay amount. The code pertaining to 
the GrossPay object is shaded in the figure. The #i ncl ude "GrossPay.h" 
directive in Line 8 tells the compiler to include the contents of the GrossPay.h 
file (shown in Figure F-15) in the program. The GrossPay empl oyGross; 
statement in Line 14 instantiates a GrossPay object named empl oyGross. 
Notice that the cal cGross method appears in two statements in Figure F-16. 
The computer uses the signature of the cal cGross method in each statement 
to determine which of the class’s cal cGross methods to process. In this 
case, the gross = empl oyGross. cal cGross (sal ary); statement in Line 
32 tells the computer to process the cal cGross method that contains one 
doubl e parameter and then assign the return value to the program’s gross 
variable. In the GrossPay class, the cal cGross method that contains one 
doubl e parameter calculates and returns the gross pay amount for a salaried 
worker. The gross = employGross.calcGross(hours, hrlyPay); state¬ 
ment in Lines 41 and 42, on the other hand, tells the computer to process the 
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cal cGross method that contains two doubl e parameters and then assign 
the return value to the program’s gross variable. In the GrossPay class, the 
cal cGross method that contains two doubl e parameters calculates and 
returns the gross pay amount for an hourly worker. Before the program ends, 
it displays the contents of its gross variable on the computer screen. Sample 
runs of the gross pay program are shown in Figures F-17 and F-18. 


| 714 


1 //Gross Pay.cpp 

2 //Displays the gross pay for salaried and 

3 //hourly employees 

4 //Created/revised by <your name> on <current date> 

5 

6 #include <iostream> 

7 #include <iomanip> 

8 #include "GrossPay.h" 

9 using namespace std; 


10 

11 int main() 

12 { 


13 //create GrossPay object 


14 GrossPay employGross; 

15 //declare variables 

16 int employType = 0; 

17 double salary = 0.0; 

18 double hours = 0.0; 

19 double hrlyPay = 0.0; 

20 double gross = 0.0; 

21 


22 cout « fixed « setprecision(2) ; 

23 

24 //determine employee's type 

25 cout « "Salaried (1) or Hourly (2): " 

26 cin » employType; 


27 

28 if (employType == 1) 

29 { 


if (employType == 1) 

{ 


30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 


cout « "Annual salary: "; 
cin » salary; 


gross = employGross.calcGross(salary); 


} 


el se 

if (employType == 2) 

{ 


cout « "Hours worked: " 
cin » hours; 
cout « "Hourly pay: "; 
cin » hrlyPay; 



hrlyPay); 


} 


el se 

cout « "Incorrect employee type. 
c« end!; 


//end if 


//end if 


Figure F-I6 Gross pay program (continues) 
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(continued) 


50 

//display gross pay 

51 

cout « "Gross pay: $" 

52 


53 

system("pause"); 

54 

return 0; 

55 } 

//end of main function 


Figure F-16 Gross pay program 




Figure F-17 Sample run of the gross pay program 



Figure F-18 Another sample run of the gross pay program 


The answers to 

Mini-Quiz F-4 Mini-Quiz ques- 

^ tions are located 

1. A method’s name along with its optional parameterList is called the in the Cpp6\ 

method’s_. AppFXAppendixF 

.pdf file. 

2. Write the prototype for a parameterized constructor in the Item class. 

The constructor has one formal parameter, which has the i nt data type. 

3. If a class contains two methods that have the same name but different 

parameter Lists, the methods are referred to as_ 

methods. 



ABS F-l Through F-5 


The labs are located in the AppendixF.pdf file, which is contained 
in the Cpp6\AppF folder. The file also contains the answers to the 
labs. 
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Summary 

A class is a pattern for creating one or more instances of the class. Each 
instance is considered an object. 

A class encapsulates all of an object’s attributes and behaviors. An object’s 
attributes are the characteristics that describe the object. Its behaviors 
are the actions that the object can perform or to which the object can 
respond. 

The OOP term “abstraction” refers to the hiding of an object’s internal 
details from the user. Hiding the internal details prevents the user from 
making inadvertent changes to the object. 

The idea behind abstraction is to expose to the user only the attributes and 
behaviors that are necessary to use the object and to hide everything else. 
In most classes, you expose an object’s behaviors (member methods) and 
you hide its attributes (data members). 

Polymorphism is the object-oriented feature that allows the same instruc¬ 
tion to be carried out differently depending on the object. 

You use a class definition to create a class. The class definition contains 
two sections: declaration and implementation. The declaration section 
contains the class statement. The implementation section contains the 
method definitions. 

You instantiate (create) an object using the syntax 

in which is the name of the class and is the name 

of the object. 

You refer to a public member of a class using the syntax 


Most C++ programmers enter class definitions in header files. Header 
filenames end with .h. 

You can use a constructor to initialize the data members in a class when 
an object is instantiated. A class can have more than one constructor, but 
only one can be the default constructor. The default constructor has no 
formal parameters. 

Each constructor in a class has the same name, but its formal parameters 
(if any) must be different than any other constructor in the class. A con¬ 
structor that has one or more formal parameters is called a parameterized 
constructor. 

A constructor does not have a data type, because it cannot return a value. 

You can overload the methods in a class. Doing this allows you to use the 
same name for methods that require different information to perform the 
same task. The computer uses the method’s signature to determine which 
overloaded method to process. 
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Key Terms 

Abstraction—the OOP term that refers to the hiding of the internal details of 
an object from the user 

Attributes—the characteristics that describe an object 

Base class—the class from which a derived class is created 

Behaviors—the actions that an object is capable of performing or to which 
the object can respond 

Class—a pattern or blueprint used to instantiate an object in a program 

Class definition—used to specify the attributes and behaviors of an object 

statement—the statement used to create a class in C++ 

Constructor—a class method whose instructions the computer automatically 
processes each time an object is instantiated from the class 

Declaration section—the section that contains the class statement in a class 
definition 

Default constructor—a constructor that has no formal parameters 

Derived class—the class that inherits the attributes and behaviors of a base class 

Encapsulated—the OOP term that refers to the grouping together of the 
attributes and behaviors of an object within a class 

Exposed—the OOP term that refers to the attributes and behaviors that the 
user can access 

Header file—a file that contains a class definition; header filenames end with .h 

Hidden—the OOP term that refers to the attributes and behaviors that the 
user cannot access 

Implementation section—the section that contains the method definitions in 
a class definition 

Inheritance—the OOP term that refers to the fact that you can create one 
class (the derived class) from another class (the base class); the derived class 
inherits the attributes and behaviors of the base class 

Instance—in OOP terminology, an object instantiated (created) from a class 

Instantiated—the OOP term that refers to objects being created from a class 

Method—a function that is defined in a class definition 

Object—anything that can be seen, touched, or used 

OOP —an acronym for object-oriented programming 

Overloaded methods—two or more class methods that share the same name 
but have different 

Parameterized constructors—constructors that have one or more formal 
parameters 

Pascal case—the practice of capitalizing the first letter in a name and the 
first letter in any subsequent words in the name 
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Polymorphism —the object-oriented feature that allows the same instruction 
to be carried out differently depending on the object 

Signature —the combination of a method’s name with its optional 


718 

1. A blueprint for creating an object in C++ is called_. 

a. a class 

b. an instance 

c. a map 

d. a pattern 

2. Which of the following statements is false? 

a. An example of an attribute is the mi nutes variable in a Ti me class. 

b. An example of a behavior is the setTi me method in a Ti me class. 

c. An object created from a class is referred to as an instance of the 
class. 

d. A class is considered an object. 

3. You hide a member of a class by recording the member below the 
_keyword in the class statement. 

a. confidential 

b. hidden 

c. private 

d. restricted 

4. You expose a member of a class by recording the member below the 
_keyword in the class statement. 

a. common 

b. exposed 

c. public 

d. unrestricted 

5. A program can access the private members of a class_. 

a. directly 

b. only through the public members of the class 

c. only through other private members of the class 

d. none of the above, because the program cannot access the private 
members of a class in any way 


Review Questions 












Review Questions 


6. In most classes, you expose the_and hide 

the_. 

a. attributes, data members 

b. data members, member methods 

c. member methods, data members 

d. variables, member methods 

7. The method definitions for a class are entered in the_ 

section in the class definition. 

a. declaration 

b. implementation 

c. method 

d. program-defined 

8. Which of the following is the scope resolution operator? 

a. : : (two colons) 

b. * (asterisk) 

c. . (period) 

d. -> (hyphen and a greater than symbol) 

9. The name of the constructor for a class named Animal 

is_. 

a. Animal 

b. AnimalConstructor 

c. ConstAnimal 

d. any of the above could be used as the name of the constructor 

10. Which of the following statements is false? 

a. You typically use a public member method to change the value 
stored in a private data member. 

b. Because a constructor does not return a value, you place the key¬ 
word voi d before the constructor’s name. 

c. The public member methods in a class can be accessed by any 
program that uses an object created from the class. 

d. An instance of a class is considered an object. 

Which of the following creates an Animal object named dog? 

a. Animal dog; 

b. Animal "dog"; 

c. dog = "Animal"; 

d. dog Animal (); 
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12. A program creates an Ani mal object named dog. Which of the fol¬ 
lowing calls the displ ay Breed method, which is a public member 
method contained in the Animal class? 

a. Animal : :displayBreed(); 

b. di spl ayBreed(); 

c. dog: : di spl ayBreed(); 

d. dog.displayBreed(); 

Exercises 

The Exercises are located in the AppendixF.pdf file, which is contained in the 
Cpp6\AppF folder. 








Notes 

Page numbers in indicate 
definitions and/or descriptions. 
Page numbers followed by 
indicate two separate discussions. 
Page numbers followed by 
indicate three separate 
discussions. 

Page numbers followed by 
indicate answers to TRY THIS 
questions. 

Page numbers followed by 
indicate TIPS (light bulb margin 
notes). 

Page numbers followed by 
indicate discussions plus TIPS 
(light bulb margin notes). 

Page numbers followed by 
indicate figures. 

Page numbers followed by 
indicate discussions plus figures. 

Symbols 

(ampersand): address-of operator, 
379 

(ampersands). And operator 
(angle brackets): #include 
directive delimiters, 705 
(asterisk). multiplication 
operator 

(asterisk-equal sign): 

multiplication assignment 
operator, 97 

(backslash): escape character, 527 
escape sequence, 527 
n: newline character, 527 
(braces). braces 
(colons): scope resolution 
operator, 586, 707 
(double quotation marks), 
double quotation marks 


(equal sign). assignment 
operator 

(equal signs). equality operator 
(exclamation point): Not operator, 
589 

(exclamation point-equal sign), 
not equal to operator 
(forward slash). division 
operator 

(forward slash-equal sign): 
division assignment operator, 
97 

(forward slashes): comment 
delimiter, 95 

(greater than sign). greater 
than operator 
(greater than/equal sign), 
greater than or equal to 
operator 

(greater than signs), 
extraction operator 
(less than sign). less than 
operator 

(less than/equal sign). less 
than or equal to operator 
(less than signs). insertion 
operator 

(minus sign). negation 

operator; subtraction operator 
(minus-equal sign): subtraction 
assignment operator, 97 
(number sign): field separator 
character, 591 
directives, 

cmath file, 285,311, 312 
ctime file, 317 
delimiters for, 705 
fstream file, 585 
header files, 705 
iostream file, 585 
string file, 525 


(parentheses). parentheses 
(percent sign). modulus 
operator 

(percent-equal sign): modulus 
assignment operator, 97 
(pipe symbol), 133 
(pipe symbols). Or operator 
(plus sign): concatenation operator, 
558 

addition operator 
(plus-equal sign): addition 
assignment operator, 97 
(semicolon). semicolon 
(single quotation marks): 

character delimiters, 61 
(square brackets). square 
brackets 

(underscore): beginning memory 
location names with, 54 

A 

ABC Company program, 372-375 
abstraction (in OOP), 696-697 
accessing private data members, 
707-708 

accessing public members, 700-701 
accumulating values stored in two- 
dimensional arrays, 498-500 
accumulators, -228 
initializing and updating, 

224-225, 229 

actual arguments (of functions), , 

, 326, 376 

326, 372 

naming, 377 

passing to functions. passing 
variables to functions 
seed argument ( function), 

317 

formal parameters (of 
functions) 


INDEX 


| 722 


addition assignment operator (+=), 
97 

addition operator (+), 83 
order of precedence, 83,139 
address-of operator (&), 379-380 
as not used in a passing arrays, 433 
addresses. See memory locations 
age message program, 377-379, 
379-383 
algorithms, 6 

modifying, 12, 24, 40 
See also coding algorithms; 

desk-checking algorithms; 
planning and creating 
algorithms 

al 1 Records function, 604, 606-607 
ampersand (&). See address-of 
operator 

ampersands (&&). See And operator 
analyzing flowcharts: multiple 
alternative selection 
structures, 188-189 
analyzing problems, 11, 23, 25-27 
area of a circle, 66 
gas mileage, 35 
hotel guest bill, 37 
weekly pay, 36-37, 65-66 
analyzing programs: 
bonus program, 173 
car payment program, 349 
convert dollars program, 390-393 
electric bill program, 393 
Falcon Incorporated program, 511 
food fat calories and percentage 
program, 145 
i f statements, 144-145 
movies program, 602-603 
number guessing game, 347-348 
phone number processing 
program, 560-562 
product price program, 188 
Professor Chang program, 243 
rainfall program, 466 
repetition structures, 241-242 
sales commission program, 
189-190 

Sweets-4-You program, 604 
total sales programs, 290-292, 
465-466, 509-511 
And operator (&&), 132, 134,135, 
136/zg, 137, 138fig 
order of precedence, 133,139 
angle brackets (<>): #include 

directive delimiters, 705 bib 
annual income program, 547-548, 
550-551, 552-553 
answers to mini-quizzes and labs, 
626-689 


area calculator programs, 336-339, 
708-709 

area of a circle problem, 66-68 
argumentList (actual arguments), 
326, 372 
arguments: 

for clause arguments, 232-233, 
429-430, 431-432 
of functions. See actual arguments 
arithmetic assignment operators, 97 
arithmetic expressions, 83 

implicit type conversion in the 
processing of, 84-85 
arithmetic operators, 83-87 
assignment operators, 97 
order of precedence, 83,128,139 
arrays, 420 

and program efficiency, 420 
See also one-dimensional arrays; 
two-dimensional arrays 
ASCII codes, 58-60 

vs. binary number system, 59-60 
listed, 59 'fig, 691-692 '.fig 
assembler, 4 
assembly languages, 4 
assign function, 557-558, 569 'fig 
assignment operator (=), 62, 87 
arithmetic assignment operators, 
97 

vs. equality operator, 128 
assignment statements, 87-90 
entering data into one¬ 
dimensional arrays, 
424-425 

entering data into two- 

dimensional arrays, 
491-492 

implicit type conversion in, 61, 424 
vs. variable declaration 
statements, 88 

See also calculation statements 
asterisk (*). See multiplication 
operator 

asterisk-equal sign (*=): 

multiplication assignment 
operator, 97 

asterisks program, 275-283 
attributes (of objects), 696, 698 
See also data members (of classes) 
average test score program, 400-401 
average three numbers problem, 
41-43 

B 

backslash. See \ (backslash) 
bars (| |). See Or operator 
base 2 number system. See binary 
number system 


base 10 number system. See decimal 
number system 
base classes, 697 
begin loop comment, 270 
behaviors (of objects), 696, 698 
See also methods (of classes) 
binary access files, 583 
binary number system, 57, 58 
vs. ASCII codes, 59-60 
vs. decimal number system, 58 
binary operators, 83-84 
blank character, 79 
boldfaced items in statement syntax, 
125 

bonus calculator program, 340-346 
bonus program, 173-175 
bool data type, 56+fig 
Boolean data (values), 60 
Boolean expressions. See logical 
expressions 

Boolean operators. See logical 
operators 

bottom-driven loops. See posttest 
loops 
braces ({}): 

array initialValues delimiters, 422 
code block delimiters, 96, 125, 232 
break statements (in swi tch 
statements), 183,184 
bubble sort program, 454-461 
bugs, 92 

See also debugging... 
built-in data types (fundamental data 
types), 56+fig 
built-in functions, 309 

sequential access file functions, 
586-596 

stri ng functions, 526-559, 

569 fig 

value-returning functions, 309, 
310-321; pow function, 
284-285, 310; rand 
function, 314-317; sqrt 
function, 310-311, 312; 
ti me function, 317; 
to! owe r function, 
140-141; toupper 
function, 140-141 
void functions, 371; srand 
function, 317-318 

c 

cal cBi 1 1 function, 394, 395, 397 
cal cCross methods, 712-714 
cal cul ateArea method, 706, 708 
calculation statements (Treyson 

Mobley problem), 88-89, 91 
calculations programs: 








Moonbucks Coffee program, 
436-439 

swi tch statement use, 195 
calculations with real numbers, 
56-57, 89 

Caldwell Company orders program, 
488-489, 496-497 
coding the algorithm, 495-496 
passing arrays to functions in, 
507-508 

calls to functions. See function calls 
camel case, 53 

car payment program, 348-356 
Carroll Cabinets problem, 216 
case: 

conventions for identifiers, 53; 
classes, 698 

converting characters to 

uppercase or lowercase, 
140-141 

See also case sensitivity 
case clauses in switch statements, 
183,184 
case sensitivity: 

of characters, 58,137 
of identifiers, 53 

CD collection program, 583-584, 
598-601 

coding the algorithm, 596-598 
“char”: pronunciation of, 56 bib, 
I4:0blb 

char data type, 56 +fig 
char variables: initial value, 62 
character delimiters (' '), 61 
character literal constants, 61, 

137 bib 

characters (character data), 56, 58, 79 
accessing in stri ng variables, 
538-540 

ASCII. See ASCII codes 
case sensitivity, 58,137 
comparing variable contents to 
both versions of a letter, 
137-138, 140-141 
converting to uppercase or 
lowercase, 140-141 
determining the number of in 

stri ng variables, 535-537 
duplicating in stri ng variables, 
557-558 

getting from the keyboard. See 
ci n statements 
inserting in stri ng variables, 
554-556 

removing from stri ng variables, 
548-551 

replacing in stri ng variables, 
551-553 


searching for in stri ng variables, 
544-547 

See also char variables; character 
literal constants; strings 
ci n object, 79+fig+blb, 585 
ci n statements (input statements), 
79-81, 82 

for array data: one-dimensional 
arrays, 425-426; two- 
dimensional arrays, 
492-493 

for strings: get! i ne function, 
527-531, 568-569 +fig; 
i gnore function, 531-534, 
569 +fig 

circle area problem, 66-68 
class definitions, 697-700 
CrossPay class, 713 fig 
MonthDay class, 710-711 fig 
placement of, 704-705 
Salesperson class, 704-705 +fig 
sections, 698, 703-704 
Square class, 706-707 +fig 
class statements, 698, 703 
classes, 56, 525(2), 696 

defining. See class definitions 
inheritance, 697 
members. See data members; 

methods; private members; 
public members 
naming, 698 
real number classes, 89 
cl ose function, 595-596 
closing sequential access files, 
595-596 

cmath file #i ncl ude directive, 285, 
311,312 

code (source code), 93 
indenting in, 8-10(3) 
reusing, 333, 371, 696 
See also instructions; object code 
code block delimiters ({}), 96,125 
code blocks: statement blocks, 125, 
129 

codesAndRates array, 500, 501, 

502, 503-507 

coding algorithms, 3, 28, 52, 78-90, 
93 

area of a circle problem, 67-68 
Caldwell Company orders 
program, 495-496 
car payment program, 351-352 
CD collection program, 596-598 
electric bill program, 396-397 
Falcon Incorporated program, 

512 

food fat calories and percentage 
program, 146-147 


Hangman game program, 

563-564 

Hoover College fees program, 
100-101 

multiplication tables display 
program, 294 

Professor Chang program, 245 
rainfall program, 467-468 
sales commission program, 
191-192 

savings calculator program, 
286-287 

Sweets-4-You program, 605-608 
Wilson Company pay rate 
program, 501 

XYZ Company sales program, 
427-429 

Colfax Sales program, 236-238 
colons (: :): scope resolution 
operator, 586, 707 
command-line compilers, 94 
comment delimiter (//), 95 
comments, 95 +blb, 96 
begin loop comment, 270 
end statement comments, 125, 
183, 221, 232 

company name program, 556-558, 
559 

comparing real numbers, 127 +blb 
comparing variable contents to both 
versions of a letter, 137-138, 
140-141 

comparison operators (relational 
operators), 127-128 
in i f statement conditions, 127, 
128-132,140-141 
order of precedence, 127,128, 139 
compiler, 5, 63 

command-line compilers, 94 
compound conditions (in i f 

statements), 132,133,135-140 
subconditions, 132; data type in, 
134 bib 

using instead of nested structures, 
175-177 

computer programs. See programs 
concatenating stri ng variables, 
558-559 

concatenation operator (+), 558 
condition argument (for clause), 

232 +blb, 233, 234, 235, 236, 
430, 432 

conditions (of control structures): 
case clauses in swi tch 
statements, 183,184 
See also condition argument 

(for clause); i f statement 
conditions; loop conditions 
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const keyword, 63 
constants. See literal constants; 

named constants 
constructors, 707 

default constructor, 707, 709 
parameterized constructors, 
709-710 

consuming the character process 
(get! i ne function), 527 
control structures: 

conditions. See conditions 
sequence structure, 6, 23,120 
See also repetition structures; 
selection structures 
convert dollars program, 390-393 
converting characters to uppercase 
or lowercase, 140-141 
counter-controlled pretest loops: 
for statements in, 231-241 
whi 1 e statements in, 228-231 
counters, 224-228 

initializing and updating, 

224-225, 229 +blb 
cout object, 81 +blb, 585 
cout statements (output 
statements), 81-82 
displaying array contents: one¬ 
dimensional arrays, 
426-427; two-dimensional 
arrays, 494-495 
formatting numbers, 141-144 
.cpp extension, 93 
Creative Sales program, 526, 
528-531, 532-534 
ctime file #i ncl ude directive, 317 

D 

data: 

entering: into one-dimensional 
arrays, 424-426; into 
two-dimensional arrays, 
491-493 

valid and invalid, 34 
validation of, 135-136 
writing to sequential access files, 
590-592 

See also characters; numbers; 
strings 

data members (of classes), 698, 
699-700 

accessing private members, 
707-708 

accessing/referring to public 
members, 700-701 
initializing private members, 703, 
707 

private members with public 

member methods, 706-709 


public members only, 702-704, 
705-706 

data types, 52, 53, 55-57, 59-60 
importance, 60 
return type, 324 
in subconditions, 134 bib 
data validation, 135-136 
debugging algorithms: average three 
numbers problem, 41-43 
debugging programs, 92-93,103, 
150,195, 248, 297, 356, 473, 
515, 568, 614 
test score program, 401 
See also SWAT THE BUGS 
exercises 

debugging variable declarations, 68 
decimal number system, 57 
vs. binary number system, 58 
decision making, 120-122,164-167 
See also selection structures 
decision symbol (in flowcharts), 123, 
124 fig 

declaration section (class 

definitions), 698, 703-704 
declaring and initializing: 

named constants, 63-64, 525 
one-dimensional arrays, 422-424; 

default values, 423 +blb 
stri ng variables, 525 
two-dimensional arrays, 489-491 
variables, 62-63, 94-95 +blb. See 
also variable declaration 
statements 

declaring memory locations, 

62-65 

See also declaring and initializing 
defaul t clause (in swi tch 

statements), 183,184, 186 
default constructor, 707, 709 
defining classes. See class definitions 
delimiterCharacter argument: 
get! i ne function, 527 
ignore function, 531 
demoted values in type conversion, 
61,86 

derived classes, 697 
desk-check tables, 31-32 

Falcon Incorporated program, 

512, 514% 

rainfall program, 470-471% 

XYZ Company sales program, 
434-435+% 

See also desk-checking programs 
desk-checking algorithms, 24, 

31-34, 98-99 

area of a circle problem, 67, 68 
average three numbers problem, 
41-43 


bonus program, 174-175, 
175-177,177-178, 

178-180 

car payment program, 350 
electric bill program, 395 
food fat calories and percentage 
program, 146 
gas mileage problem, 35 
Hoover College fees program, 100 
hotel guest bill problem, 38-39 
Miller Incorporated program, 
220-221 

multiplication tables display 
program, 293 

posttest loops, 266-267, 268-269 
pretest loops, 220-221, 266-267 
Professor Chang program, 244 
property tax problem, 40-41 
sales commission program, 191 
desk-checking programs, 90-92 
age message program, 378-379, 
381-383 

area calculator program, 338-339 
asterisks program, 278-283 
average test score program, 
400-401 

bonus calculator program, 
343-346 

bubble sort program, 456-461 
calculations program, 195 
car payment program, 352, 
355-356 

electric bill program, 398-399 
ending balance program, 355-356 
exam score program, 472-473 
food fat calories and percentage 
program, 147 

grade message program, 185-186 
Holmes Supply Company 
program, 234-236 
Hoover College fees program, 101 
incrementing numbers program, 
297 

Jasper Music Company program, 
230-231 

I<L Motors program, 440-441 
multiplication tables display 
program, 295 
pass/fail display program, 

149-150 

Professor Chang program, 246 
random numbers program, 
448-452 

salary program, 387-389 
sales commission program, 192 
Sales Express program, 226-228 
squared number program, 248 
total sales program, 612-613 
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Wilson Company pay rate 
program, 503-507 
XYZ Company sales program, 
429-433 

desk-checking variable assignments, 
103 

determining: 

the highest number in one¬ 
dimensional arrays, 

444- 452 

the number of characters in 

stri ng variables, 535-537 
whether a file has been read to the 
end, 594-595 
whether a file was opened 
successfully, 589-590 
Dev C++ IDE, 94 
development tools, 94 
directives. See #i ncl ude directives 
display array function, 433, 
434-435 

display date program, 711-712 
di spl ayAge function, 377, 378, 
382-383 

di spl ayArray functions: 

Caldwell Company orders 
program, 507, 508 
random numbers program, 

445- 446, 447, 448-449 
di spl ayBi 11 function, 394, 395, 

397 

di spl ayCds function, 583, 584, 
597-598 

di spl ayCompanylnfo function, 

371(2), 374 

displaying array contents: 

one-dimensional arrays, 426-427 
two-dimensional arrays, 494-495 
displaying messages on the screen. 

See cout statements 
di spl ayLi ne function, 371, 372, 
373-374 

di spl ayMonthl y function, 466, 

468, 470 

displayTotal function: 

rainfall program, 466, 468, 470 
Sweets-4-You program, 604, 
607-608 

di spl ayTotal Sal es function, 
372(2), 374 

dividing one integer by another, 
85-86 

division assignment operator (/=), 

97 

division operator (/), 83 

order of precedence, 83,139 
do whi 1 e statements (loops), 
270-272 


beginning, 270 

displaying array contents: one¬ 
dimensional arrays, 
426-427; two-dimensional 
arrays, 494-495 
loop condition, 270 
syntax, 270, 271 
doubl e data type, 56 +% 
vs. float data type, 56-57 
double quotation marks (""): 
#include directive delimiters, 705 
string delimiters, 61 
doubl e variables: initial value 
(usual), 62 

dual-alternative selection structures, 
122, 125, 126,164-167, 170 
flowcharts, 123-124+_% 
168-170+% 

nested structures, 166-167, 
170-172,173-175; 
flowcharts, 168-170+% 
the sum of/difference between 

two real numbers, 130-131 
duplicating characters in stri ng 
variables, 557-558 

E 

e notation, 61 bib, 141,142 
editors (text editors), 93 
development tools, 94 
electric bill program, 393-400 
el se clause (in i f statements), 
125-126+M; 

See also dual-alternative selection 
structures 

el se i f statements (in i f 
statements), 182% 

See also multiple-alternative 
selection structures 
employee object, 702, 704 
employment opportunities for 

programmers and software 
engineers, 3 
empty string, 61, 525 
encapsulation (in OOP), 696 
end of file: testing for, 594-595 
end statement comments, 125,183, 
221, 232 

ending balance program, 355-356 
endl stream manipulator, 81, 591 
endless loops, 223 

stopping, 223 +blb, 248-249 +blb 
entering data: 

into one-dimensional arrays, 
424-426 

into two-dimensional arrays, 
491-493 

eof function, 594-595 


equal sign (=). See assignment 
operator 

equal signs (==). See equality 
operator 

equality operator (equal to operator) 
(==). 127 

vs. assignment operator, 128 
order of precedence, 127,139 
erase function, 548-551, 569 'fig 
escape character (\), 527 
escape sequence ( \<character >), 527 
evaluating programs (testing 
programs), 92-96 
car payment program, 352-354 
electric bill program, 399 
Falcon Incorporated program, 514 
food fat calories and percentage 
program, 148-149 
Hangman game program, 567 
Hoover College fees program, 
101-102 

multiplication tables display 
program, 295-296 
Professor Chang program, 
246-247 

rainfall program, 471-472 
sales commission program, 
192-193 

Sweets-4-You program, 612 
See also debugging programs 
exam score program, 472-473 
exclamation point (!): Not operator, 
589 

exclamation point-equal sign (! =). 

See not equal to operator 
.exe extension, 93 
executable files, 93 
execution of programs: pausing, 

96 +blb 
exercises: 

introduction to programming, 
15-21 

memory locations, 73-76 
object-oriented programming, 

720 

one-dimensional arrays, 478-485 
problem-solving process, 46-50, 
109-118 

repetition structures, 254-263, 
300-307 

selection structures, 154-162, 
200-212 

sequential access files, 618-625 
strings, 574-581 

two-dimensional arrays, 517-523 
value-returning functions, 
362-369 

void functions, 406-418 
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exercises: ( continued) 

See also SWAT THE BUGS 
exercises; TRY THIS 
exercises with answers 
explicit type conversion, 85-86, 87 
with the stati c_cast operator, 
86-87 

exponential notation, 61 bib, 141,142 
exponentiation, 284 
exposure (in OOP), 697 
extended selection structures. See 
multiple-alternative selection 
structures 

extraction operator (»), 79+Jig+blb, 
526 

reading data from sequential 
access files, 592-593 
See also ci n statements 

F 

Falcon Incorporated program, 
511-514 
false path, 8, 122 
flowline, 123,124/5 g 
fees array: types array and, 
461-464 

field separator character (#), 591 
fields, 590 

file pointer, 587, 588fig 590, 594 
filename extensions, 93 
files: 

code file types, 93 
I/O file types, 583, 585 
See also sequential access files 
find function, 544-547, 569fig 
fixed stream manipulator, 141-142 
fixed-point notation, 141-144 
float data type, 56+fig 

vs. doubl e data type, 56-57 
float variables: initial value (usual), 
62 

flowcharts, 28-29 

analyzing. See analyzing 
flowcharts 
vs. pseudocode, 29 
See also flowcharts for repetition 
structures; flowcharts for 
selection structures 
flowcharts for repetition structures: 
for clause, 238 +fig 
nested structures, 277, TI8fig 
posttest loops, 268-269 +fig 
pretest loops, 219-221 +fig 
267 +fg 276 fig 

flowcharts for selection structures: 
dual-alternative structures, 123- 
124+/zg, 168-170+/zgy nested 
structures, 168-170+/zg 


multiple-alternative structures, 
181,188 

nested structures, \68-Y70+fig 
single-alternative structures, 
123-124 +/z£ 
flowlines, 28-29 

true and false paths, 123,124/5 g 
food fat calories and percentage 
program, 145-149,170-172 
for clause, 232 

arguments, 232-233, 429-430, 
431-432 

arguments separator, 232 +blb, 239 
flowchart, 238 +fig 
for statements (loops), 231-241 
in counter-controlled loops, 
231-241 

displaying array contents: one¬ 
dimensional arrays, 
426-427; two-dimensional 
arrays, 494-495 
ending, 232 

nested: asterisks program, 
277-283 

searching one-dimensional arrays, 
439-442 
syntax, 232 

formal parameters (of functions), 

325 

the address-of operator with, 
379-380 

in function prototypes, 330, 
379-380, 386, 433 
list. See parameterList 
See also actual arguments (of 
functions) 

formatting numeric output, 141-144 
forward slash (/). See division 
operator 

forward slash-equal sign (/=): 

division assignment operator, 
97 

forward slashes (//): comment 
delimiter, 95 

fstream file: #i ncl ude directive, 585 
function body, 96, 324/zg, 325 
function calls: 

argumentList, 326, 372 
to value-returning functions, 
326-330 

to void functions, 326, 372, 380 
function definitions, 324-325 +fig 
for constructors, 707 
placement of, 330 
function header, 96, 324 +fig, 325 
parameter list. See parameterList 
function names: 
creating, 324-325 


parentheses in, 140, 315 +blb 
function prototypes, 330-331 
for constructors, 707 
formal parameters in, 330, 
379-380, 386,433 
functions, 96 

arguments. See actual arguments 
built-in. See built-in functions 
calls to. See function calls 
of classes. See methods 
definitions. See function 
definitions 
naming, 324-325 
need for, 309 

passing variables to. See passing 
variables to functions 
program-defined. See program- 
defined functions 
prototypes. See function 
prototypes 

receiving. See receiving functions 
sequential access file functions, 
586-596 

stri ng functions, 526-559, 

569 fig 
syntax, 140 
types, 96, 309 

user-defined. See program-defined 
functions 

See also value-returning 

functions; void functions; 
and specific functions 
fundamental data types, 56+fig 

G 

garbage, 62 

gas mileage problem, 34-35 
generating random numbers 
(integers), 314-318 
initializing the generator, 317-318 
from a specific range, 315-317, 
333-335 

getAge function, 380, 381-382 
getBal ance function, 355-356 
getBonus function, 323, 324(2), 325, 
342, 345-346 
calls to, 327 

getChoi ce function, 604, 605 
getHi ghest function, 446, 

447-448 +blb, 449-452 
getlnput function, 394(2), 396-397 
getl i ne function, 527-531, 
568-569 +fig 592-593 
getMonthDay function, 711 +fig, 

712 fig 

getNewPaylnfo function, 
384-385(2), 388-389 
getPayment function, 349-350, 352 








getRandomNumber function, 
322-323, 324(2), 325, 
331-333, 333-335 
calls to, 326-327, 328-330 
getRectangl eArea function, 323, 
324 (2), 325, 337-339, 340 
calls to, 327 

getSal es function, 341, 344 
getSi de method, 706, 708(2 ) 
getting data from the keyboard. See 
ci n statements 

getTotal function, 436, 437-439 
global variables, 340 
grade message programs, 180-182, 
184-186 

greater than operator (>), 127 
order of precedence, 127,139 
greater than or equal to operator 
(>=), 127 

order of precedence, 127,139 
greater than signs (>>). See 
extraction operator 
gross pay programs, 135-137, 
713-715 

Gross Pay class, 712 
definition, lYSfig 
methods, 712-714 

H 

.h extension, 704 

hand-tracing algorithms. See desk¬ 
checking algorithms 
Hangman game program, 562-567 
header filename #include directive 
delimiters, 705 +blb 
header files: including, 704-705 
high-level languages, 4-5 
Holmes Supply Company program, 
233-236 

Hoover College fees program, 
99-103 

hotel guest bill problem, 37-40 
hourly rate program, 442-444 
hourl yRates array, 443-444 
hypotenuse program, 310-313 

I 

I/O file objects: creating, 585 
I/O file types, 583, 585 
I/O symbol (in flowcharts), 

28-29 +fig 123,124 fig 
identifiers (memory location/IPO 
item names), 52, 53 
case conventions/sensitivity, 53 
selecting, 53-55 
IDEs (Integrated Development 
Environments), 94 
i f statement conditions, 7-8,125 


comparison operators in, 127, 
128-132,140-141 
compound. See compound 
conditions (in i f 
statements) 

logical operators in, 132,133, 
135-140 

i f statements, 125-127 +blb 
conditions. See i f statement 
conditions 

el se clause, 125-126 +blb. 

See also dual-alternative 
selection structures 
el se i f statements, 182^. See 
also multiple-alternative 
selection structures 
ending, 125 
exercises, 154-162 
flowcharts. See flowcharts for 
selection structures 
key terms, 151-152 
labs, 144-150,188-193 
logic errors in. See logic errors in 
selection structures 
nested. See nested selection 
structures 

pseudocode, 173. See also 

logic errors in selection 
structures; and specific 
program IPO charts 
review questions, 152-154 
summaries, 150-151,196 
syntax, 126 

See also dual-alternative 
selection structures; 
multiple-alternative 
selection structures; 
single-alternative selection 
structures 

i f stream class, 585 
i gnore function, 531-534, 569 +fig 
implementation section (class 

definitions), 698, 703-704 
implicit type conversion, 61, 87 
in arithmetic expression 
processing, 84-85 
in assignment statements, 61, 424 
in declaring arrays, 422 
in entering data into arrays, 424, 
491 

include directives. See #i ncl ude 
directives 

incrementing counters and 
accumulators, 224-225 
incrementing numbers program, 297 
indenting (in code), 8-10(3J 
inequality operator. See not equal to 
operator 


infinite loops. See endless loops 
inheritance (in OOP), 697 
initialization argument (for clause), 
232, 233, 234, 235, 429-430, 
431-432 
initializing: 

counters and accumulators, 
224-225, 229 +blb 
memory locations, 60-61 
private data members, 703, 707 
the random number generator, 
317-318 

variables, 61 bib, 62(2)+blb; private 
data members, 703, 707 
See also declaring and initializing 
input, 25 

identifying, 25 
loop reads, 218-219 
validating, 135-136 
See also ci n statements 
Input, Processing, and Output 
charts. See IPO charts 
input file objects: creating, 585 
input files, 583 
input statements. See ci n 
statements 

input/output symbol (in flowcharts), 
28-29+fig 123, 124fig 
i nsert function, 554-556, 569fig 
inserting characters in stri ng 
variables, 554-556 
insertion operator («), 81 +blb 
writing data to sequential access 
files, 590-592 
See also cout statements 
instantiating objects, 700, 707, 710 
instructions (in source code), 94-96 
See also statements 
i nt data type, 56+fig 
i nt variables: initial value (usual), 62 
integers, 56+fig 

determining whether even or odd, 
84 

dividing one by another, 85-86 
generating random numbers, 
314-318 

swapping higher and lower values, 
128-130 

See also average three numbers 
problem 

Integrated Development 

Environments (IDEs), 94 
internal memory, 52-53 
See also memory locations 
interpreter, 5 

introduction to programming, 1-21 
exercises, 15-21 
key terms, 12-13 
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introduction to programming 
(i continued) 
lab, 11-12 

review questions, 13-15 
summary, 12 

See also control structures; 
programmers; 
programming languages 
invalid data, 34 
iomanip file, 142-143 
i os: : app file output mode, 586, 

587, 588 fig 

i os: : i n file input mode, 586, 587, 
588 fig 

i os: : out file output mode, 586, 

587, 588 fig 
iostream file, I43blb 

#i ncl ude directive, 585 
IPO charts (Input, Processing, and 
Output charts), 25-26 
See also specific program charts 
i s_open function, 589-590 
i stream class, 585 
italicized items in statement syntax, 
125 

iteration, 9-10 

J 

Jasper Music Company program, 
229-231 

Jenko Booksellers program, 498-500 
job responsibilities of programmers, 
2 

K 

key terms: 

introduction to programming, 
12-13 

memory locations, 69-70 
object-oriented programming, 
717-718 

one-dimensional arrays, 474 
problem-solving process, 44, 
105-106 

repetition structures, 250, 298 
selection structures, 151-152,196 
sequential access files, 614-615 
strings, 570 

two-dimensional arrays, 516 
value-returning functions, 358-359 
void functions, 402 
keyboard: getting data from. See ci n 
statements 
keywords, 53 
listed, 690 

Kindlon High School program, 
180-182 

I<L Motors program, 439-442 


L 

labs: 

answers to, 626-689 
introduction to programming, 
11-12 

memory locations, 65-68 
object-oriented programming, 

715 

one-dimensional arrays, 465-473 
problem-solving process, 36-43, 
98-103 

repetition structures, 241-249, 
290-297 

selection structures, 144-150, 
188-195 

sequential access files, 602-614 
strings, 560-568 

two-dimensional arrays, 509-515 
value-returning functions, 
347-356 

void functions, 390-401 
1 ength function, 535-537, 569 fig 
less than operator (<), 127 
order of precedence, 127,139 
less than or equal to operator (<=), 
127 

order of precedence, 127,139 
less than signs (<<). See insertion 
operator 

letters: comparing variable contents 
to both versions of a letter, 
137-138,140-141 
See also characters 
lifetime (of variables), 340 
linker, 93 

literal constants, 61 

character constants, 61,137 +blb 
numeric constants, 61 +blb; 

named constants vs., 64 
string constants, 61, YSl +blb 
See also named constants 
local variables, 129, 340 
logic errors, 93 

logic errors in selection structures, 
173-180 

switching the outer and nested 

decision branches, 177-178 
using compound conditions 

instead of nested structures, 
175-177 

using unnecessary nested 
structures, 178-180 
logic structures. See control 
structures 

logical data (values), 60 
logical expressions (Boolean 
expressions), 125,127 
short-circuit evaluation of, 134 


logical operators (Boolean 
operators), 132-133 
in i f statement conditions, 132, 
133, 135-140 
Not operator (!), 589 
order of precedence, 133,139 
truth tables, 134-135 
See also And operator; Or 
operator 

loop body, 215, 218 
loop conditions, 214 

in posttest loops, 265; in do 
whi 1 e statements, 270 
in pretest loops, 215, 218; in 

whi 1 e statements, 221, 223 
sentinel values, 218, 226 
loop exit condition, 214 
looping condition, 214 
See also loop conditions 
loops, 9-10, 214-263, 265-307 
body, 215, 218 

conditions. See loop conditions 
displaying array contents: one¬ 
dimensional arrays, 
426-427; two-dimensional 
arrays, 494-495 
endless loops, 223; stopping, 

223 +blb, 248-249 +blb 
flowcharts. See flowcharts for 
repetition structures 
input instructions (reads), 
218-219 

nested. See nested repetition 
structures 
as not required, 216 
planning and creating algorithms 
for, 214-216, 265-267 
sentinel values, 218, 226 
See also posttest loops; pretest 
loops 
lowercase: 

converting characters to, 140-141 
vs. uppercase in ASCII, 58 
for variables, 53 

M 

machine language (machine/object 
code), 4, 93 

mai n function, 96, 309(2J 
See also specific programs 
making decisions, 120-122,164-167 
See also selection structures 
member methods. See methods 
memory (internal memory), 52-53 
See also memory locations 
memory location declarations, 

62-65 

named constants, 63-64 
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See also variable declaration 
statements 

memory locations, 52-76 

declaring. See memory location 
declarations 
exercises, 73-76 
initial values, 60-62 
initializing, 60-61 
key terms, 69-70 
labs, 65-68 

naming, 53-55. See also identifiers 

review questions, 71-72 

summary, 69 

types. See data types 

See also characters; constants; 

numbers; strings; variables 
messages: 

displaying on the screen. See cout 
statements 

Press any key to continue, 96 
methods (of classes), 698, 699-700 
overloaded methods, 712-714 
with private data members, 
706-709 
signature, 710 

Miller Incorporated program: 
with do whi 1 e statement, 
271-272 

with for statement, 238-240 
with while statement, 217-221 
mini-quiz answers, 626-689 
minus sign (-). See negation 

operator; subtraction operator 
minus-equal sign (-=): subtraction 
assignment operator, 97 
mnemonics, 4 

modifying algorithms, 12, 24 
area of a circle problem, 68 
hotel guest bill problem, 40 
modifying programs: 

car payment program, 354 
electric bill program, 400 
Falcon Incorporated program, 514 
food fat calories and percentage 
program, 149 

Hangman game program, 567 
Hoover College fees program, 
102-103 

multiplication tables display 
program, 296 

Professor Chang program, 247-248 
rainfall program, 472 
random addition problems 
program, 328-330, 

331-333, 333-335 
sales commission program, 194 
savings calculator program, 
287-290 


Sweets-4-You program, 612 
modulus assignment operator (%=), 
97 

modulus operator (%), 83, 84, 316 
order of precedence, 83,139 
MonthDay class, 709-710 
definition, 710—711/zg^ 

Moonbucks Coffee program, 
436-439 

motorcycle membership program, 
461-464 

movies program, 602-603 
multiple-alternative selection 
structures, 180-188 
flowcharts, 181,188 
grade message program, 180-182 
See also swi tch statements 
multiplication assignment operator 
(*=), 97 

multiplication operator (*), 83 
order of precedence, 83,139 
multiplication tables display 
program, 292-297 

N 

named constants, 53, 87 bib 
case convention, 53 
declaring and initializing, 63-64, 
525 

vs. numeric literal constants, 53, 
64 

names. See identifiers 
namespaces, 96 
naming: 

actual arguments, 377 
classes, 698 
functions, 324-325 
I/O file objects, 585 
memory locations, 53-55. See also 
identifiers 

negation operator (-), 83-84 
order of precedence, 83,139 
nested repetition structures (loops), 
214 bib, 273-290 
asterisks program, 277-283 
do whi 1 e statements, 277 
flowchart, 277,278% 
for statements, 277-283 
savings calculator program, 
283-290 

nested selection structures (i f 
statements), 125, 164-180 
bonus program, 173-175 
dual-alternative structures, 
166-167,170-172, 

173-175; flowcharts, 
168-170+% 
flowcharts, 168-170+% 


food fat calories and percentage 
program, 170-172 
logic errors in, 173-180 
reversing the outer and nested 

decision branches, 177-178 
single-alternative structures, 
165-166 

using compound conditions 
instead of, 175-177 
using unnecessary structures, 
178-180 

newline character (\n), 79, 527 
writing, 591 

not equal to operator (! =), 127 
order of precedence, 127,139 
Not operator (!), 589 
number guessing game program, 
347-348 

number sign (#): field separator 
character, 591 
See also #include directives 
number systems, 57-58 
numbers (numeric data), 57, 79 
binary number system, 57, 58, 
59-60 

formatting output, 141-144 
getting from the keyboard. See 
ci n statements 
incrementing program, 297 
promoted/demoted values, 61, 86 
square roots: finding, 310-311 
squared number program, 248 
See also characters; integers; 

numeric literal constants; 
real numbers; variables 
numbers arrays: 

bubble sort program, 455, 
456-461 

random numbers program, 445, 
446, 447 +blb, 448-450 
numeric literal constants, 61 +blb 
named constants vs., 53, 64 
numeric variables. See variables 

0 

.obj extension, 93 

object code (machine code), 4, 93 

object files, 93 

object-oriented programming, 5, 
695-720 
exercises, 720 
key terms, 717-718 
labs, 715 

review questions, 718-720 
summary, 716 
terminology, 696-697 
See also classes; data members; 
methods; objects 
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objects, 5 bib, 696 
I/O file objects, 585 
instantiating, 700, 707, 710 
of st ream class, 585 
one-dimensional array elements, 
420-421, 422 

accessing, 426-427, 442-444 
one-dimensional arrays, 419-485 
declaring and initializing, 

422-424 

determining the highest number 
in, 444-452 

displaying the contents of, 
426-427 

elements. See one-dimensional 
array elements 
entering data into, 424-426 
exercises, 478-485 
key terms, 474 
labs, 465-473 
parallel arrays, 461-464 
passing to functions, 433-435 
as renamed in receiving functions, 
434 

review questions, 474-477 
searching, 439-442 
sorting, 454-461 
subscripts, 421 
summary, 473-474 
open function, 586-587, 595 
determining the success of, 
589-590 

opening sequential access files, 
586-588 
operators: 

address-of operator (&), 379-380, 
433 

arithmetic. See arithmetic 
operators 

assignment operator (=), 62, 87,128 
comparison. See comparison 
operators 

concatenation operator (+), 558 
extraction operator (>>), 

79+fig+blb, 526. See also 
ci n statements 

insertion operator («), 81 +blb. 

See also cout statements 
logical. See logical operators 
Not operator (!), 589 
precedence rules. See order of 
precedence rules 
scope resolution operator (::), 
586, 707 

stati c_cast operator, 86-87 
unary vs. binary, 83-84 
optional item delimiters ([]), 

423 +blb 


Or operator (| |), 132,134,135, 
136% 137,138i% 
order of precedence, 133,139 
order of precedence rules: 
arithmetic operators, 83,128, 

139 

comparison operators, 127,128, 
139 

logical operators, 133,139 
overriding, 83, 84,127 
orders array, 487, 488% 
ostream class, 585 
output, 25 

formatting numbers, 141-144 
identifying, 25 

output file objects: creating, 585 
output files, 583 
output statements. See cout 
statements 

oval (in flowcharts), 28-29+fig, 123, 
124% 

overloaded methods, 712-714 
overriding order of precedence rules, 
83, 84,127 

P 

parallel one-dimensional arrays, 
461-464 

parallelogram (in flowcharts), 
28-29+fig, 123,124% 
parameterized constructors, 
709-710 

parameterList (formal parameters), 
325, 340, 372 
in constructors, 710 
in overloaded methods, 712-713 
parameters. See formal parameters 
parentheses (()): 

in function names, 140, 315 +blb 
order of precedence, 83,139 
overriding order of precedence 
rules with, 83, 84,127 
Pascal case, 698 

pass/fail display program, 137-138, 
149-150 

passing one-dimensional arrays to 
functions, 433-435 
passing two-dimensional arrays to 
functions, 507-508 
passing variables to functions, 
326-327, 376-384 
by reference, 327, 376, 379-382, 
383, 385, 388 

by value, 327, 376, 377-379, 382, 
385, 388 

pausing program execution, 96 +blb 
percent sign {%). See modulus 
operator 


percent-equal sign (%=): modulus 
assignment operator, 97 
phone number processing program, 
560-562 
pi, 53 +blb 

pipe symbol (|), 133 

pipe symbols (| |). See Or operator 

planning and creating algorithms, 

11, 23-24, 27-31 
bonus program, 173 
car payment program, 349-350 
electric bill program, 393-395 
Falcon Incorporated program, 
511-513 

food fat calories and percentage 
program, 145-146 
gas mileage problem, 35 
Hangman game program, 

562-566 

Hoover College fees program, 
99-100 

hotel guest bill problem, 37-38 
multiplication tables display 
program, 292-293 
Professor Chang program, 
243-247 

rainfall program, 466-468 

for repetition structures, 214-216, 

265- 267, 273-275 
sales commission program, 

190-191 

for selection structures, 120-122, 
164-167 

weekly pay problem, 66-67 
See also coding algorithms 
Plano Elementary School program, 
333-335 

plus sign (+): concatenation operator, 
558 

See also addition operator 
plus-equal sign (+=): addition 
assignment operator, 97 
polymorphism (in OOP), 697 
populating arrays: 

one-dimensional arrays, 422-424 
two-dimensional arrays, 489-491 
posttest loops, 214, 265-267 
desk-checking algorithms, 

266- 267, 268-269 
do whi 1 e statements in, 

270-273 

flowchart, 268-269+% 
loop conditions, 265; in do 
whi 1 e statements, 270 
nested, 277 

vs. pretest loops, 265-267 
pseudocode, 272. See also specific 
program IPO charts 








savings calculator program, 
283-290 
See also loops 

pound sign. See number sign (#) 
pounds array, 436, 437 
pow function, 284-285, 310 
precedence rules. See order of 
precedence rules 

Press any key to continue message, 96 
pretest loops, 214-263 

asterisks program, 275-283 
counter-controlled loops: for 

statements in, 231-241; with 
while statements, 228-231 
counters and accumulators in, 
224-228 

desk-checking algorithms, 
220-221, 266-267 
ending: sentinel values for, 218, 226 
flowcharts, 219-221 +fig, 267+fig, 
276 ,fig 

for statements in, 231-241 
labs, 241-249, 290-297 
loop conditions, 215, 218; in 

whi 1 e statements, 221, 223 
nested. See nested repetition 
structures 

vs. posttest loops, 265-267 
problem-solving with, 216-219 
pseudocode, 215-216, 217-219. 
See also specific program 
IPO charts 

whi 1 e statements in, 221-231 
See also loops 

priming read (for loops), 218 
primitive data types (fundamental 
data types), 56+fig 
private members (of classes), 699 
accessing data members, 707-708 
data members with public 

member methods, 706-709 
initializing data members, 703, 707 
private variables. See under data 
members; private members 
problem-solving process, 22-50, 
77-118 

analyzing. See analyzing 
problems; analyzing 
programs 

coding. See coding algorithms 
debugging. See debugging 

algorithms; debugging 
programs 

desk-checking. See desk-checking 
algorithms; desk-checking 
programs 

evaluating. See evaluating 
programs 


exercises, 46-50,109-118 
key terms, 44,105-106 
labs, 36-43, 98-103 
modifying. See modifying 

algorithms; modifying 
programs 

planning. See planning and 
creating algorithms 
review questions, 44-46,107-108 
steps, 23-24, 25-34, 36-43, 
78-96, 98-103 
summaries, 43,103-105 
problems: 

analyzing. See analyzing problems 
area of a circle, 66-68 
average three numbers, 41-43 
gas mileage, 34-35 
hotel guest bill, 37-40 
property tax, 40-41 
weekly pay, 36-37, 65-66 
See also Treyson Mobley problem 
procedure-oriented programming, 

5, 696 

process symbol (in flowcharts), 
28-29 +fig, 123,124/? g 
processing items (values), 29-30 
product price program, 186-188 
Professor Chang program, 

243-247 

program-defined functions, 309 
ending, 325 

value-returning functions, 309, 
322-325; calls to, 326-330; 
getPayment function, 
349-350, 352; getSal es 
function, 341, 344. See 
also getBonus function; 
getRandomNumber 
function; 

getRectangleArea 
function 

void functions, 371-375; calls to, 
326, 372, 380; di spl ayAge 
function, 377, 378, 

382-383; di spl ayBi 11 
function, 394, 395, 397; 
displayCompanylnfo 
function, 372(2), 374; 
di spl ayLi ne function, 
371, 372, 373-374; 
displayTotalSales 
function, 372(2;, 374; 
getAge function, 380, 
381-382; getlnput 
function, 394(2;, 396-397; 
getNewPaylnfo function, 
384-385(2;, 388-389 
programmers, 2 


employment opportunities, 3 
job responsibilities, 2 
skills required, 2-3 
programming, 2 

introduction to. See introduction 
to programming 
object-oriented. See object- 
oriented programming 
procedure-oriented 

programming, 5, 696 
programming languages, 2 
history, 4-6 

programs (computer programs), 2 
analyzing. See analyzing programs 
debugging. See debugging 
programs 

desk-checking. See desk-checking 
programs 

efficiency: arrays and, 420 
evaluating. See evaluating 
programs 

pausing execution, 96 +blb 
See also specific programs 
promoted values in type conversion, 
61, 86 
prompts, 81 

Treyson Mobley program, 82 +blb, 
90-91 

property tax problem, 40-41 
pseudocode, 28, 30, 35 
vs. flowcharts, 29 
for i f statements, 173. See also 
logic errors in selection 
structures 

for posttest loops, 272 
for pretest loops, 215-216, 
217-219 

See also planning and creating 
algorithms; and specific 
program IPO charts 
pseudo-random number generator, 
314 

initializing, 317-318 
public members (of classes), 699 
accessing/referring to, 700-701 
data members only, 702-704, 
705-706 

member methods with private 
data members, 706-709 
public variables. See under data 
members; public members 

Q 

quotation marks: 

double. See double quotation 
marks 

single (' '): character delimiters, 
61 
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R 

rainfall program, 466-472 
rand function, 314-317 
RAND_MAX constant, 315 
randNums array, 444, 445, 448-450 
random access files, 583 
random addition problems program, 
313-321 

modifying, 328-330, 331-333, 
333-335 

random number generator, 314 
initializing, 317-318 
random numbers: generating. See 
generating random numbers 
See also random addition 

problems program; random 
numbers program 
random numbers program, 

444-452 

reading data from sequential access 
files, 592-593 
real numbers, 56 +fig 

calculations with, 56-57, 89 
classes for, 89 
comparing, 127 +blb 
output formatting, 141-144 
the sum of/difference between 
two, 130-131 

rearranged name program, 544, 
546-547 

receiving functions, 433 
one-dimensional arrays as 
renamed in, 434 
records, 590 
separating, 591 

writing to sequential access files, 
590-592 

rectangle (in flowcharts), 28-29 +fg 
123, 124 fig 

referring to public members, 
700-701 

relational operators. See comparison 
operators 

removing characters from stri ng 
variables, 548-551 
repetition structures, 9-10, 

213-263, 264-307 
exercises, 254-263, 300-307 
flowcharts. See flowcharts for 
repetition structures 
key terms, 250, 298 
labs, 241-249, 290-297 
planning and creating algorithms 
for, 214-216, 265-267, 
273-275 

review questions, 251-254, 
298-300 

summaries, 249-250, 297-298 


See also do whi 1 e statements; 
for statements; loops; 
posttest loops; pretest 
loops; whi 1 e statements 
repl ace function, 551-553, 569/zg 
replacing characters in stri ng 
variables, 551-553 
reserved words. See keywords 
return data type, 324 
return statement, 325, 371 
return 0,96 
return value, 309 
reusing code, 333, 371, 696 
review questions: 

introduction to programming, 
13-15 

memory locations, 71-72 
object-oriented programming, 
718-720 

one-dimensional arrays, 474-477 
problem-solving process, 44-46, 
107-108 

repetition structures, 251-254, 
298-300 

selection structures, 152-154, 
197-199 

sequential access files, 615-618 
strings, 570-574 

two-dimensional arrays, 516-517 
value-returning functions, 
359-362 

void functions, 402-405 
reviewing algorithms. See desk¬ 
checking algorithms 
runtime, 53 

s 

sal ari es array, 439-441 
salary (mean annual wage) for 

programmers and software 
engineers, 3 

salary program, 384-389 
sal es arrays, 421 +fig, 429-433, 

433, 434 

sales commission program, 189-195 
Sales Express program, 225-228 
sales programs: 

Colfax Sales program, 236-238 
Creative Sales program, 526-534 
Sales Express program, 225-228 
See also total sales programs; XYZ 
Company sales program 
Sal esperson class, 702, 703-704 
definition, 704-705 +fig 
saveCd function, 583, 584, 597 
savings calculator program, 

283-290 

scalar variables, 420 


scientific notation (e notation), 

61 bib, 141,142 

sci enti fic stream manipulator, 
141-142 

scope (of variables), 340 
scope resolution operator (: :), 586, 
707 

screen: displaying data on. See cout 
statements 
searching: 

arrays: one-dimensional arrays, 
439-442; two-dimensional 
arrays, 500-507 
stri ng variables, 544-547 
seed actual argument (srand 
function), 317 

selection structures, 7-9,119-162, 
163-212 

determining the need for, 120-122 
dual-alternative. See dual¬ 
alternative selection 
structures 

exercises, 154-162, 200-212 
flowcharts. See flowcharts for 
selection structures 
key terms, 151-152,196 
labs, 144-150,188-195 
logic errors in. See logic errors in 
selection structures 
multiple-alternative. See multiple- 
alternative selection 
structures 

nested. See nested selection 
structures 

planning and creating algorithms 
for, 120-122, 164-167 
review questions, 152-154, 
197-199 

single-alternative. See single¬ 
alternative selection 
structures 

summaries, 150-151,196 
See also i f statements; swi tch 
statements 

selectorExpression (in swi tch 
statements), 183 
semicolon (;): 

for clause arguments separator, 
232 +blb, 239 

function prototype terminator, 

330 

statement terminator, 62 
sentinel values (for ending loops), 
218, 226 

separating records, 591 
sequence structure, 6, 23,120 
sequential access file functions, 
586-596 








sequential access files, 582-625, 583 
closing, 595-596 
determining whether opened 
successfully, 589-590 
determining whether read to the 
end, 594-595 
exercises, 618-625 
key terms, 614-615 
labs, 602-614 
opening, 586-588 
pointer, 587, 588 'fig, 590, 594 
reading data from, 592-593 
review questions, 615-618 
summary, 614 
writing data to, 590-592 
setMonthDay function, 711, 712 '.fig 
setpreci si on stream manipulator, 
142-143 

setSi de method, 706, 707-708 (2) 
shipping charge program, 511-514 
short data type, 56 +fig 
short variables: initial value (usual), 
62 

short-circuit evaluation (of logical/ 
Boolean expressions), 134 
signature (of a method), 710 
simple variables (scalar variables), 

420 

single quotation marks (' '): 

character delimiters, 61 
single-alternative selection 

structures, 121, 125,126,173 
flowchart, 123-124 +fig 
nested structures, 165-166 
swapping higher and lower integer 
values, 128-130 
See also i f statements 
skills required of programmers, 2-3 
slash. See forward slash... 
social security number program, 
553-554, 555-556 
software engineers: employment 
opportunities/salaries (mean 
annual wages), 3 
sorting one-dimensional arrays, 
454-461 

source code. See code 
source files, 93 
sqrt function, 310-311, 312 
square brackets ([]): 

optional item delimiters, 423 +blb 
subscript delimiters, 421, 422, 

487, 507 +blb 
Square class, 706 

definition, 706-707 +fig 
square roots: finding, 310-311 
squared number program, 248 
srand function, 317-318 


standard input stream object. See 
ci n object 

standard output stream object. See 
cout object 

start/stop symbol (in flowcharts), 
28-29 +fig, 123,124/zg- 
statement blocks, 125 

variable declaration statements 
in, 129 

statement terminator (;), 62 
statements, 62 

class statements, 698 
end comments, 125, 183, 221, 232 
input. See ci n statements 
output. See cout statements 
return statement, 325, 371; 

return 0,96 
syntax formats, 125 
system("pause") ; statement, 
96, 379, 383 

See also assignment statements; 
ci n statements; cout 
statements; do while 
statements; fo r statements; 
i f statements; swi tch 
statements; variable 
declaration statements; 
while statements 
stati c_cast operator, 86 
explicit type conversion with, 
86-87 

stopping endless loops, 223 +blb, 
248-249 +blb 
stream manipulators, 81 
endl, 81, 591 
fixed, 141-142 
scientific, 141-142 
setprecisi on, 142-143 
stream objects, 79 
streams, 79 
stri ng class, 56, 525 

member functions, 526-559, 
569fig. See also specific 
functions 

stri ng data type, 56 +fig, 525 
string delimiters (""), 61 
string file: #i ncl ude directive, 525 
stri ng functions, 526-559, 569 fig 
See also specific functions 
string literal constants, 61, YSlblb 
empty string, 61, 525 
See also named constants 
stri ng variables, 56 

accessing characters in, 538-540 
concatenating, 558-559 
declaring and initializing, 525 
determining the number of 
characters in, 535-537 


duplicating characters in, 557-558 
initial value, 62 

inserting characters in, 554-556 
removing characters from, 
548-551 

replacing characters in, 551-553 
searching for characters in, 
544-547 
subscripts, 538 
See also strings 

strings (string data/objects), 79, 
524-581 

empty string, 61, 525 
exercises, 574-581 
getting input: get! i ne function, 
527-531, 568-569 +fig, 
592-593; i gnore function, 
531-534 
key terms, 570 
labs, 560-568 

reading from sequential access 
files, 592-593 
review questions, 570-574 
summary, 568-569 
See also named constants; string 
literal constants; stri ng 
variables 

student project and test scores 

(Professor Chang) program, 
243-247 

subconditions (of compound i f 
statement conditions), 132 
data type in, 134 bib 
subject matter experts, 3 bib 
subscript delimiters ([]), 421, 422, 
487, 507 +blb 
subscripts: 

of one-dimensional arrays, 421 
of strings, 538 

of two-dimensional arrays, 487 
substr function, 538-540, 569 fig 
subtraction assignment operator 
(-=), 97 

subtraction operator (-), 83-84 
order of precedence, 83,139 
sum of/difference between two real 
numbers display program, 
130-131 
summaries: 

introduction to programming, 12 
memory locations, 69 
object-oriented programming, 

716 

one-dimensional arrays, 473-474 
problem-solving process, 43, 
103-105 

repetition structures, 249-250, 
297-298 
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summaries: ( continued) 

selection structures, 150-151,196 
sequential access files, 614 
strings, 568-569 
two-dimensional arrays, 515 
value-returning functions, 
357-358 

void functions, 401-402 
swapping higher and lower integer 
values program, 128-130 
SWAT THE BUGS exercises: 

introduction to programming, 19 
memory locations, 75 
one-dimensional arrays, 479, 483 
problem-solving process, 48, 112, 
115 

repetition structures, 256, 262, 
302, 306 

selection structures, 155,159, 201, 
208 

sequential access files, 619, 622 
strings, 575, 580 

two-dimensional arrays, 518, 521 
value-returning functions, 363, 
368 

void functions, 407, 415 
Sweets Unlimited program, 

702-703, 705 

Sweets-4-You program, 604, 

608-611 

switch statements, 183-188 
calculations program, 195 
case clauses in, 183,184 
ending, 183 

grade message program, 184-186 
lab, 194-195 

product price program, 186-187 
sales commission program, 194 
syntax, 184 
syntax, 62 

accessing public members, 
700-701 

as si gn function, 55 7(2) 
class definitions, 698 
close function, 595, 596 
creating I/O file objects, 585(2) 
declaring and initializing one¬ 
dimensional arrays, 422, 

423 

declaring and initializing two- 
dimensional arrays, 489, 

490 

do whi 1 e statements, 270, 271 
entering data into one¬ 
dimensional arrays: with 
assignment statements, 
424-425; with ci n 
statements, 425-426 


entering data into two- 

dimensional arrays: with 
assignment statements, 
491-492; with ci n 
statements, 492-493 
eof function, 595 
erase function, 548, 549 
find function, 544-545(2) 
for statements, 232 
function prototypes, 330, 331 
functions, 140; value-returning 
functions, 324; void 
functions, 371 
get! i ne function, 527, 528, 
592-593 

i f statements, 126 
i gnore function, 531, 532 
i nsert function, 554, 555 
i s_open function, 589, 590 
1 ength function, 535, 536 
open function, 586, 587 
reading data from sequential 
access files, 592, 593 
referring to public members, 
700-701 

repl ace function, 551, 552 
setpreci si on stream 
manipulator, 143 
statement formats, 125 
substr function, 538, 539 
switch statements, 184 
value-returning functions, 

324 

void functions, 371 
whi 1 e statements, 221, 222 
writing data to sequential access 
files, 590, 591 
syntax errors, 93 

system("pause") ; statement, 96, 
379, 383 

T 

tab character, 79 

test score programs, 400-401, 401 
exam score program, 472-473 
grade message programs, 
180-182,184-186 
testing for end of file, 594-595 
testing programs. See evaluating 
programs 
text, 52 

text editors. See editors 
text files. See sequential access files 
time function, 317 
tolower function, 140-141 
top-driven loops. See pretest loops 
total and average calculations 
program, 436-439 


total sales programs, 290-292, 

465-466, 509-511, 612-613 
Moonbucks Coffee program, 
436-439 

toupper function, 140-141 
Treyson Mobley problem (program), 
25-34 

calculation statements, 88-89, 91 
data types, 57 

input statements, 80-81, 91 
program source code, 94-95 
prompts and output statement, 
82+bib, 90-92 

variable declaration statements, 
78, 94-95 

variable names, 54-55 
true path, 8, 122 
flowline, 123,124/zg 
truth tables, 134-135 
TRY THIS exercises with answers: 
introduction to programming, 
15-16, 21a«s 

memory locations, 73, 75-76 ans 
one-dimensional arrays, 478, 479, 
483-485a«s 

problem-solving process, 46, 
49-50««s, 109-110,112, 
115-118a«s 

repetition structures, 254-255, 
256-257, 263 ans, 300-301, 
302-303, 306-307a«s 
selection structures, 154,156, 

159-162a«s, 200, 202-203, 
209-212a«s 

sequential access files, 618, 619, 
623—625 ans 
strings, 574, 575-576, 

580-581a«s 

two-dimensional arrays, 517, 
518-519, 521-523 ams 
value-returning functions, 362, 
364, 368-369 <zks 
void functions, 406, 408, 
415-418a«s 

two-dimensional array elements, 

487 

accessing, 494-495 
two-dimensional arrays, 486-523, 

487 

accumulating values stored in, 
498-500 

declaring and initializing, 

489-491 

displaying the contents of, 
494-495 

elements. See two-dimensional 
array elements 
entering data into, 491-493 








exercises, 517-523 
key term, 516 
labs, 509-515 

passing to functions, 507-508 
review questions, 516-517 
searching, 500-507 
subscripts, 487 
summary, 515 

type cast/conversion. See explicit 

type conversion; implicit type 
conversion 

types array and fees array, 
461-464 

u 

unary operators, 83-84 
underscore (_): beginning memory 
location names with, 54 bib 
update argument (for clause), 232, 
233, 234, 235, 430, 432 
update read (for loops), 218-219 
updating counters and accumulators, 
224-225, 229 +blb 
uppercase: 

converting characters to, 140-141 
vs. lowercase in ASCII, 58 
for named constants, 53 
user-defined data types, 56 +fig 
using directive, 95-96 
using namespace std directive, 
96 

V 

valid data, 34 
validating input, 135-136 
value-returning functions, 96, 
308-369, 309, 383 
built-in functions, 309, 310-321; 
pow function, 284-285, 

310; rand function, 
314-317; sqrt function, 
310-311, 312; time 
function, 317; tolower 
function, 140-141; 
toupper function, 

140-141 
calls to, 326-330 
exercises, 362-369 
key terms, 358-359 
labs, 347-356 

program-defined functions, 309, 
322-325; calls to, 326-330; 
getPayment function, 
349-350, 352; getSales 
function, 341, 344. See 


also getBonus function; 

getRandomNumber 

function; 

getRectangleArea 
function 

review questions, 359-362 
summary, 357-358 
syntax, 324 
See also functions 
variable declaration statements, 
62-63, 94-95 +blb 
assignment statements vs., 88 
in statement blocks, 129 
variables, 53, 326, 376 
case conventions, 53 
char variables, 62 
in classes. See data members 
comparing the contents to both 
versions of a letter, 

137-138,140-141 
declaring and initializing, 62-63, 
94-95 +blb. See also variable 
declaration statements 
global variables, 340 
initializing, 61 bib, 62 (2)+blb; 

private data members, 703, 
707 

lifetime, 340 
local variables, 129, 340 
passing to functions. See passing 
variables to functions 
scalar variables, 420 
scope, 340 

string. See stri ng variables 
verifying: 

that data was written correctly to 
a file, 592 

that a file has been read to the 
end, 594-595 

that a file was opened successfully, 
589-590 

input (validating input), 135-136 
void functions, 96, 309, 370-418, 
371, 383 

built-in functions, 371; srand 
function, 317-318 
calls to, 326, 372, 380 
exercises, 406-418 
key terms, 402 
labs, 390-401 

program-defined functions, 
371-375; calcBill 
function, 394, 395, 

397; calls to, 326, 372, 

380; di spl ayAge 


function, 377, 378, 
382-383; di spl ayBi 11 
function, 394, 395, 397; 
displayCompanylnfo 
function, 372(2), 374; 
di spl ayLi ne function, 
371, 372, 373-374; 
displayTotalSal es 
function, 372(2), 374; 
getAge function, 380, 
381-382; getlnput 
function, 394(2), 396-397; 
getNewPaylnfo function, 
384-385(2), 388-389 
review questions, 402-405 
summary, 401-402 
syntax, 371 
See also functions 
voter eligibility program, 168-170 

w 

weekly pay problem, 36-37, 65-66 
whi 1 e statements (loops), 221-224 
in counter-controlled loops, 
228-231 

counters and accumulators in, 
224-228 

displaying array contents: one¬ 
dimensional arrays, 
426-427; two-dimensional 
arrays, 494-495 
ending, 221 

loop condition in, 221, 223 
syntax, 221, 222 
white-space character, 79 
Wilson Company pay rate program, 
500-503 

coding the algorithm, 501 
desk-checking, 503-507 
writing data to sequential access 
files, 590-592 

writing the newline character, 591 

X 

XYZ Company sales program, 
421-422 

coding the algorithm, 427-429 
desk-check table, 434-435 +fig 
desk-checking the code, 429-433 
passing arrays to functions in, 
433-435 

z 

ZIP code program, 535, 536-537, 
539-543 







